A D-A2 7763/ 


The NASA STI Program ... in Profile 


Since its founding, NASA has been dedicated to ensuring U.S. leadership in aeronautics 
and space science. The NASA Scientific and Technical Information (STI) Program plays 
an important part in helping NASA maintain its leadership role. 


The NASA STI Program provides access to the NASA STI Database, the largest collection 
_ of aeronautical and space science STI in the world. The Program is also NASA’s institutional 
mechanism for disseminating the results of its research and development activities. 


A number of specialized services help round out the Program’s diverse offerings, including 
creating custom thesauri, translating material to or from 34 foreign languages, building 
customized databases, organizing and publishing research results. 


For more information about the NASA STI Program, you can: 


@ Phone the NASA Access Help Desk at (301) 621-0390 


@ Fax your question to NASA Access Help Desk at (301) 621-0134 
@ Scnd us your question via the Internet to help@sti.nasa.gov 


@ Write to: a 


NASA Access Help Desk. 

NASA Center for AeroSpace Information 
800 Elkridge Landing Road 

Linthicum Heights, MD 21090-2934 


DISCLAIMER NOTICE 


THIS DOCUMENT IS BEST 
QUALITY AVAILABLE. THE COPY 
FURNISHED TO DTIC CONTAINED 
A SIGNIFICANT NUMBER OF 
PAGES WHICH DO NOT 
REPRODUCE LEGIBLY. 


NASA CENTER FOR AEROSPACE INFORMATION 


800 ELKRIOGE LANDING ROAD LINTHICUM HEIGHTS. MO 21090 1301! 621-0390 


ATTN: (PHONE) JOYCE CHARIS 

DATE OF REQUEST: 12/27/93 

USER 10: 02672 

ORDER CONTROL NUMBER: 931227121247 
USER SECURITY LEVEL: SECRET RESTRICTED 


ENCLOSED IS YOUR ORDER FOR 0001 HARDCOPY COPY OF NASA ACCESSION 
NUMBER N73-12039 

TITLE: Aircraft handling qualities data 

REPORT NUMBER: NASA-CR-2144 


DOCUMENT CLASSIFICATION: UNCLASSIFIED 
DISTRIBUTION LIMITATION STATEMENT: UNLIMITED 


QUESTIONS CONCERNING THIS ORDER SHOULO BE DIRECTED TO DOCUMENT REQUEST SERVICES, NASA CASI}. (301) 621-0390. 
PLEASE INCLUDE YOUR ORDER CONTROL NUMBER WITH YOUR INQUIRY 


02672-931227121247 
DEPT OF DEFENSE 

DEFENSE TECHNICAL INFORMATION CENTER 
ATTN: OTIC-OCP/JOYCE CHIRAS 

CAMERON STATION BLDG 5 

ALEXANDRIA VA 22304 


DTH QUALITY TNSPECTED 8 


gg 
ox mere motos v 


bu 66 bbb bil iti hi Ih 


eR ERT Ue REL, ot SNAPE NVEN ERIE DDB AR END 


PRECEDEINY Fa BLANS NCT FILME, 
TABLE OF CONTENTS 


I. INTROMUCTION . . ©. - © © «© © © «© © © 


° F-4C e . . e e e e ° e ° . ° 2 ° 
- X~ 1 5 e ° ° . e . . e . e . ° e . 


~ He10 ~© «© © «© © © © © © © © «© © « 


pans 
Iv 
Vv 
VI 
VII. LOCKHEED JETSTAR . . . © «© «© « «© « -«@ 
IX. BORING 747 2 «© 6 6 6 6 ew ew ew ll 
MersCeGh Oe. ee a ee we SE 
XI, XBe7OA- - © © © e © © © © © we ew 


APPENDIX A. AXIS SYSTEMS, SYMBOLS, COMPUTER MNEMONICS, 
AND DERIVATIVE DEFINITIONS . ... . 


APPENDIX B. ‘TRANSFORMATION OF STABILITY AXIS 
DERIVATIVES TO BODY AXIS . . - .. . 


APPENDIX C. EQUATIONS OF MOTION AND TRANSFER FUNCTI™%S 


~aer 


Le Cat nnet wes wen be Magee La EA UREN ET, 


SECTION I 


INTRODUCTION 


The purpose of this document is to provide handling qualities investi- 
gators with readily usable data on several representative contemporary sir- 
craft. Included are those data required to obtain transfer functions relating 
the aircraft's response to contol inputs. An analytical description of the 
aircraft's stability augmentor is also given. 


For those aircraft for which complete information was available, the 
following summarizes the contents and presentation: 
1. Flight conditions for which computations are made 
including: 


a- Configurations (e-g-, fuel load, flaps, 
gear, etc.) 
b- Mach/altitude combinations 


2- General arrangement 
3- Control system description 
4. Stability augmentation description 


5- Tabulations and/or plots of non-dimensional stability 
derivatives for trimmed flight 


6- Dimensional, mass, and flight condition parameters 
7- Dimensional stability derivatives 

8. Transfer functions for control inputs 

9- Selected handling qualities parameters 
10. Data sources 


A vege number cross index is presented in Table I-1. 


The intention has been to make this report completely seif-consistent 
insofar as symbols, nomenclature, definitions, ete. The system used is 
described in three appendices. Appendix A covers axis systems, symbols 
and notation, and definitions of nondimensional and dimensional stability 
derivatives. Appendix B gives the axis system transformations for the 
derivatives. Appendix C includes the aircraft equations of motion and 
transfer functions used herein. 
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The aircraft ccnsidered in this report span a wide range of sizes, speeds, 
and uses. In each case, transfer functions and hardling qualities parameters 
were ccmputed tor Slight concitions which were selected to cover the flight 


regimes of interest. A nom’.nal configuration (generally cruise) was picxed 
fer all up and away fligtct conditions. for this nominel configuration, plots 
of trimmed non-dimensional aerodynamic force and rement cuefficients are 
presented, Also, in most cases, a power approach case is presented along 
with 2 tebulation cS aerodynamic coefficierts. The coefficients are based 
on rigid wind tunnel data, estimated flexible date, or flight test results, 
aevending pon availability. This is indicated by the words "rigid," 
"Zlexictie,” and "flight" cn each aero data plot. Also, the axis system is 
indicated by "stability" for a bo@y-fixed stability axis system or "body" 


Sey ea eth coe ce abled otek che PRL. “Surther olari’teettion af 
axis systems used is given in Arrenéic n.; Leseripticas oF eustrsl systems 
and stability augmentation systems are given along with transfer functions. 
Where a longitudinal control system nas a significant effect on the cquations 
of motion (as with a bodweight) the stick-free transfer functions and handling 


qualities are gives. 


Transfer functions are always given for tody axis motion quantities. 
Handiing ouslitics parameters are also given in the body axis. All accelera- 
tion transfer functions (2, and ar) are for the piiot's position. Thrust 
transfer functicns do not include any engine respcase characteristics. 


A substantial rortion of this report is in the fora of computer printout. 
The mnemonics used in this printcut are defined in Appendix A. 


Tre handling qualities parareters given in this report represent only a 
small fraction of those developed cver the years. The majority presented here 
ave used in past and present versions of MIL-F-878. Although only SAS-off 
velues are shown, “he definitions jiven in Appendix A are general and could 
be used in conjunction with the SAS-on trensfer fimctions to yield SAS-on 
handling qualities parameters. 


While complete coverage of each aircraft including only the "latest" and 
"best" data would te desirable, the major criterion used was that the data te 
accessible to the author. This is why cnly isolated flight conditions are 
given for some eircraft, and also why, as those people more intimately familiar 
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2 
vy 
ly 
: with each particular aircraft will recognize, the data presented may repre- 
£ sent an early estimate in the design process and perhaps the "nominal config- 
s uration" is one which never left the drawing board. The data have been reviewed 
3 and, although not all those presented indicate unquestionable trends, thoes: 
; data known to be based on only early "guesstimates" or showing unreasonable 
4g trends have been deleted. Im some cases data were estimated by the author. 
7 As to how well the data can be expected to match the flying aircraft, it is 
‘ assumed that those for whom this document is intended know well the difficulties 
: » of obtaining derivatives from flight test data. Every attempt has been made 
iF to insure reliable translation, interpretation, cnd transcription of the data 
: from their source docurents. 
4 
ia The manufacturers of the aircraft described herein can not be held account~ 
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aule for the information presented, nor would they be bound to concur in any 


conclusions with respect to their aircraft which might be derived from its use. 
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: | NT=33A BACKGROUND 


“She NT-27A variable stability airplane (Serial No. 51-4120) 
is an extensively modified 1-33 jet trainer. The elevator, 
ailercn and r:dder controls in the front cockpit are disconnected 
fron cheir resrective_control surfaces and have been connected 
to separate servomechanicms that make up an ‘artificial feel' 
syster. In addition, the elevator, aileron and rudder control 
surfaces have deen connected to individual servos which can be 
Griven by a numter of different innuts. These servos receive 
their electrical innuts frem the artificial feel system (pilct's 
commands, positicn or force), attitude and rate gyros, accelero- 
meters, dynamic pressure, a vane and f probe. This arrangement, 
through & cesronse-feedpack system, allows the normal T-33 
Gerivatives to be augmented to the extent that the handling 
: sualities of zany existing airplanes, future airplanes or hy;o- 
ns “het: zal research paca Sates, can be simiated. The original 
2'F vss geusiten wna stan stplased with the larger nose of an 


. ie vo provice the welume required Tor the electronic comporents 
¢ 
® of the responze-feedback system and the recording equipment." 


Transfer ‘\inctions are given for only the primary surfaces and engine 
thrust although the NT-33A also has other control surfaces and a range of con- 
trol crossfeed and feedback ccxzdinations. 


Aerodynamic deta, fo: the most part, was taken from AFFDL-TR-70-71. However, 
longitudinal data for tne nigh lift configuration was obtained from IAL 127 
and Mach number derivatives from NACA-RM-7116. 
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NT-33A 
PITCH AXIS 
Variable Variable 
Feel Stability 
input 


input 


026 52 +.89s + 225 5-(rad) 


ROLL AXIS 
Varicble Variable 
Feel Stability 
Input Input 


F SAT (1b) Sq(rad) 


YAW AXIS 
Variab.e Variable 
Feel Stability 
Input 


8, (rad) 


Feel system parameter values shown correspond 
to the “Front Seat Engage” mode (normal NT-33) ae 


Figure II-%. NT-33A Control System 
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: TABLE II-1 
re Power Approach Non-Dimensional Stability Derivatives 
= h = sea level 
& 
y Vz, = 226 ft/sec = 135 kt 
4 WG = 2.0 
ne Longitudinal Laters1-Directional 
oF (stability Axis) 
- : Cy = -83 Cy, = ~-T2/red 
oe Cp = +135 Cy, = .049/red 
Cie = 5.22/rad Cy, = —.127]/rad 
Cp, = -54/rad Cy, —.51/rad 
. Co, = —.401/rad Ch = ~.045/rad 
2 Cag = -10/rad Cy. = +20/rad 
Cs = -5/rad Cn, = ~.16/red 
C = .34/rad = ~.009/rad 
le, < 
Cag. = —.89/rad. Che = .th/rad 
= .17/rad 
Cys. i 
= -.0T73 rad 
Cop, / 3 
Che. = ~.002/rad 


eweae 


ea St ioe 


a 
3 
ed 
? 
: 
aa 
+s 
3 
4 
“ ¢ 


—_— SL 
---~— 20,000ft 
—-— 40,000ft 


il 


NT-33A 
13700'b 
.263¢ 
Rigid 


Dare ed Aan ere 
: 


4) 0021 
Vee-iNn 


O| S a 10 


ysnuyt 
SS99XQ 0107 


XA 


4H000'0b —-—— 
43000'02 ----- 
Se 


Tet Rapa, Ne mek tal aye eee a) re Wes Pee tbe 
on ESTEE DG Bo ohne 


ONO hy et 


/ NT-33A 
‘ 13700 Ib 
Rigid 


f 
~-=-©. 


—— sL 
2 ----- 20,000ft 
—-— 40,000ft 


4 6 
Mach 


wee Net 


a hog 
athe DOA ow we 


. “ 3 ty a $ ; 
Se AURA TNE SE TE 


t 
N 
4 
2 


-L2 


e--~- 20,000ft 
—-— 40,000ft 


14 


13700 Ib 
.263C 
f igiu 


6 wg boa te 


kh Se i 


BEA ACRE REI Cnet 


nee 5 ol 8 
Le by wre eet PUTA ARP FM, stn 


. *y 
ae ms 
“e nll 

a’ 
‘. 
a ~ 
“ 


ao ¥ 
i hdr Se Se ae esa 
reat eke 8s eee es eo 


fe 


2) 


©) 


SL 
20,000ft 
—-— 40,000ft 


> CRE Anat tet ped AR tn Oo ean + 


id 
1 AWE RRO Was: 


a 


an 


LM yee incor enantio ene 


BE EP reo tags 


Cis, 
(rad™') 


eae ek ae Pee wmelerem ee se 


Onl @ $ =O 7) 


Pt 
a) 
ra 
* 
° 
3 
‘ 


—s—— SL NT-33A 
-==<--- 20,000ft 13700 Ib 
pies, —-— 40,000f1 Stability Axes 
ee Rigid 


Ieper sy 


“ ors . eee r 
CO ee Dd ee ee oT Oo 


SL NT-33A 


ee 20,000 ft 13700 Ib 
—-— 40,000ft Stability Axis 
Rigid 


18 


SL NT-33A 
----- 20,000 ft 13700 Ib 
—-— 40,000ft Stability Axis 
Rigid 
3 
Ch & 
t 
Cn, 2 ‘ \ 


oie Sree cae 


t 


vite 
a 


. oe KOE Boh aes 
oh tea Qibte wa clio 28 


«eee chin Delp" 


wees 
Oe Se 


.20 


SL NT-33A 
--=--- 20,000 ft 13700 Ib 
—-— 40,000ft Stability Axis 
Rigid 


08 


04 


4 6 
Mach 


a 8q is sum of both right and left 
02 : : 
aileron deflections 


on 


SL 
-~--=- 20,000ft 
—-—— 40,000ft 


NT-33A 
13700 Ib 
Stability Axis 


21 


0020° 020° 0020° 0020° 9270" 0020° 00z0° *0 th g)HL 
0 ‘0 *0 *0 9 *0 oT) *0 (930) 1x 
a) 0 *0 0 "9 0 me) 7) (930)HL1 
ver e- 28*2- 9e°z- verz- verz- vorz- 90° 2- $e° z- (4.91429 
€s*9 €s°9 €s°9 €s°? €s°9 es°9 €s°9 ts 9 (4.3)dx7 
*0 0 *0 *0 oe) 0 "9 "0 (930) WHYS 
ostz cot*= 008° ors 206°= 008° 07°s u22 (090) Vig Iv 
*ezt "0%9 222 1°29 618 £52 6°48 £°29 (3$d190 
att “Ege *902 €°19 *92L *LE2 1°98 2°19 (3$d)0 
Lert- Lee t- Leet- LEct- Leet~ LErt- Le*t- Zot (930 INO 138.43 
“O87 ‘Oey "09% 089 "08% "0B * 084 "084 (9S ad-979812K1 
*208C4 *20Ney *Z08€4 *z08ty "208C> -208€4 *Z03€% *T00z€ (DS 15-9798) 71 

*LOLt2 *1OTI2 *tOTt2 *Lomtz *1O1l2 "Lotz *LOLIZ *00L02 (95 ba-9N78) AT . 

*Tovez *10eez *10sez *108Ez *108E2 *108€z *10a€z “D0Lzt (DS Ls-OVIS) XI 
£92" £9z° e9z° €9z° £9z° 292° £92° 092° (99499999 
*O0LE! *00L€1 “oo £I *OOLET *OLET *OOLET *oOLEl "008 TT (Sa79" 
"C61 "OoF *2S2 “Set *€9% "$32 091 "Set (S¥98IO2A 
“eLe "199 eee “981 "C99 * $92 071 "Sel (SVL NIOLA 
*o29 "ale "OLS “Ute "282 "L9y * O42 *ez2 : (Sd SIDA 
0s9° Oss° oss’ oo¢* 00L* 00%° zoz° ¥0z* (o0W 
woov ¥ 02 x 02 % 02 %S 1S 1S 1s (1a0H 
8 t 9 s * € z 1 94 


wWeltoq=d ‘33 tu - a {95 be Ores =S 
GULLANVUVd NOLLIGNOO IROITA GNV SEYN “TVNOISNENIG VEC-dN 
2-II TIAVL 


are ut Pe ae : Ce Co re Oe... i it os * ee 


. 7 ee kl 
¢ SJ + ¢ + > ¢ ¢ i 

¥-3876° $-39%6° 9-30 46° 9-3B%5° 3 -3856° 9-3846° 9-384%5° °0 Hid 
i) °0 °0 °0 °0 °0 "0 °0 HL G7 
S€200° $€200° $€200° s¢z00° S$£€200° S€200° $€299° €2z2 00° HLOY¥ 
Bz°a- L°@2- z°9te El°y- l*e@s= 2° 9- Cees 61° e- 304 
Q°e2- 9° 28~- 6°0%- €°lt- *2St=- y° oem 2° ole 9° l= 302 
960° 4% Be oos* get 33°S= 929° 24°t 9TS° 20X 
S€S°- Se°t~- 186°- 00S*- 38 °2~ Leet- 908° - 969 = Od 
m3288°- L02000°- T¥S000°- s82009°- °0 o*TOO*= 6410) °- 2$100%= OM 
0 0 °0 i) °0 °0 °0 °0 oz 
°o a) °0 °0 *0 °0 °0 0 Quz 
T9800 °- 6C20°%~ L£610%= @22000°= VE»O°= vIZ0° = 69900°. £2600 %= ma 

FoI" = oe°t- G2°*t- ts9°- SS°E= EL°t- 166° = 96° = 42 a 
tote’ 98600° T6EO° 2590° 120° = 7950° TET® s180° Mx 
€vtouus= TSTOO"= E€EB1000°= Y%TtT000° 09L900°= €32900° €09009° eteooor ofa 
99L0°= eOL0°=- LOT*~ otle- z79T¢= B2T%= tst°- Breo= nz 
Ss€00°%= T1s0°~ $€L00°= 22%00° stvo°= ¥OTOr= %64¥00°%= T6E 0° = @ nx 
Os9° Os°* oss° oote J0L° 00%° Z4e° ¥02° a 
™ 09% uw 02 x 02 4 Oz Vs Vs 1s Vs ta] 

8 ri 9 S ¥ € 2 J 9 3/4 


(weqsfg stxy Apog) 
BSAILVALUA TWNOISNSNIG TYNIGMLIONOT VEC-IN 


€-II FIVE 


ee ee. ones eh aoe 


o ol e e ¢ 
atut Zot acct ch ere? zee ert 26% Ulazvde 
€»E0* 9S%0° viws toz0* yELO° 142° za%0° 2050° Tiazeyy 
@2900'- 6670° £€900° SCI °= aeeoe 4£2600° TET9%- 9820° Zedtyiast 
ated" ¥z2000° 4E1O0%= 64502° 329999° ZEtour- = SH TO" Wwe Wstvewst 
f°0E *sat ots tut *zot £06 acu? aret Carey 
{ 3IG/d7V IN 
vezi 3°22 1°91 CEL V°te veel t*ot ss°@ Ct Ondast 
erti- e*o2- Biyi- 96°9> E62 °3t- 90° b- gor l~ zt onast 
9Ztaao’=- 060° 66%00° 92£0"%= ySE0° 96200" Ov*oU"= whIO* Ve ONDAsT 
g°ez 9°28 6°04 o°tl "zt very 2°91 ret ¢ aHny 
€ 30/ CHIN 
199° eset o2z°1 ety? Lore eo°} $56" Oee° TeaMarast 
96400° $150° 010° €zto° 99499" itz? eg2ar 4290° WeaMdast 
a2° a- 9°92- 2°9t- Zty- L°2g- S°S1- 19° s- Lo (IHL Ie 
€ 30/3H4 IN 
€290° 220° 220° ear’ $282° $3 60° set? ger? TC OAM 
€2eo° ake 6tso° itlor- $42" "3G2° 0622° etre Ve 492 
"022 *2u2 oot eau "ele °29t 9°ls acua ye OMDASY 
e°ce- 4° 28- 6°04%- €tl- *26t- oon Z°aMte- Oe a C atv 
{ 307 DN 2 
60° oez } ez°? Les? 692 3 0e°2z Hig Lust tt oe 
$79° 191°9) 095° 19° (eters 984° 692° €19° t¢ 82 
“922 oi°2 “222 “at 9e°2 *221 B7>b 0°99 we Nast 
900° Ze¥*- oos* eect £9°2- O29° aot 91s° t fv 
(30/7 NW 
S¥UdivHIAM 
O72 €9°9 6T°t 949° t9°9 Tere 2o°t oct 2449014 
e92° oa’ Bet’ 466° >e>° O¥s° 0a>° 227° 723007 
€rs0° tz1e0° §490° £260° 19S0° z€60° Tot? zat? Tth900% 
s1€0° (£tzZQ%=) AZO” 20209%= 16¢° 960° eetg° @ve0° 312302 
WILVNIWIN AC 
069° ose? ass* ace? 222° 034° vz #02° w 
» OF u 02 ¥ 02 x 02 ary ‘Is ahy Bhy “4 
e a 9 $ % € 2 t 0904 
(waqgshg syxy Apog) 
‘ wueLsIty ezeg 
SUOLOVE NOLLONNL MEASNVEL HOLVARIZ Vas~It 
! u-TI FeV 
» 
| : ; eee ye : age . fetal women Ot RT Baap te tat oe eeiapten? am en ror ey Teas S45 Nas PG weet i ee wat rk Se eye we 
a. 2 j aed raat Ce Ue gly et er setae Sat 


Sd Se 


A BH 


ao°e 

el 

678° 
201000° 


qtet 
att 
9-2. 456° 


youre 
$1 300'- 
124000° 


Orr? 

992° 
YPEOU'= 
$€Z0N0" 


ate9ote) 

(svta ) 

9zel- 
9- 3ez7t°- 


{22°2-) 
teoe® } 
q-3S%6" 


€2°G~ 
%2$000°- 
025900° 


R27 
Vues 
£0e8000*~ 
s€z00° 


e°y 


82000 *- 
$- 3629° 


62°n 
o18" 
e2°e 
9-392E 


69°3 
22° 
9- 3C76 


sort 


€te00°= 


462000 


° 


« 


#9£009° 


908° 
o1e* 
o~35et? 


Geren 
yloot~ 
911009° 


certs 3 Ber’ 
(vye8 D 597° 
r4se g°94 


7¥7Q00° 41100° - 
$2619 - GA BEHPEM 


z9°e OLre 
$6i* zee 
$°0t- a9 


wei? 29lon 
Latoort= GEEIS= 
o09£ 000° €¥1 000° 
199 19°t 
984" 845° 
sesopot=- = yBZ00" = 


G€290° 3€ 290° 


19°9 ter€ 

yor 3¥S° 

19$9° ze 60° 

14e° 7¥S0° 

D32° 00%" 
ws Vs 
¥ s 


(wagsfs STxXV¥ Kpog) 


awerzaty 923g 
BUOLOVE NOTIONAL URASNVEL TEN VEG~ IN 


G-II Tdva 


Lolst~ 
G~3L2 Om 


twos 
9-306 T° 


Vave 
6660 0° 


' 
{ 


ade avs Oe. 


Vd97998 
Vtazer7? 
zceruyaet 
trazvrart 
(a2vyy 
(HLG/dT¥ IN 


T¢ GH 
1t On)? 
tC aHtast 
{ oHlV 
cHLas aH 


T(2H2 4 

TCRHML IZ 
cane? 

(H2G/3HL DN 


t ary 


( Ve 
tw10/ NM 
$Y AV VaNAN 


Z(1 300K 
ZOU 1GtZ 
¥¢230)8 
1413097 
BILVN THIN AG 


© Qa 


. ee Ce ssem 


; 
| 
' ? ? + ? 2 + + ¢ > + 
es.* zUet ort $2°S Ts*t 62°T £s°2 112 OTs III 
t ¢znons 
-- (orze } -- 805 - -- -- -- (938) | (Z22070MNHe 
Tox? 21s° suv° Sol? sts? Lov a zoe* (9793$/93S/0VN) dvd 
sore 20°1 26° ort sos suet wre oes (9/930) 9730 
: T°el 9° Tt 2°t2 92°" =°ee o°*e2 su°@ Le°9o (J¥VH/9)) 0 VPN 
et £009" TSt'=  OSTO'- = Ld" BIIt- = OvZO*= =‘ TELO® 9z7s0%= $4n7930) tNastOI0 
4 
Gaxtd WITLS 
O>9° ou oss oo€° 20L° 00%° 292° 902° a 
¥ OF x02 x 02 x 02 6 1S 1s 1s ) 
- ~ 8 L 9 $ * € z 1 "aL 


(waqsfg stxy Apog) 


awerijizyy eeg 
BURIGNVUVE SEILITWN® ONTIONVH TYNIGNIIONOT VECuIN 


Q-II Gavh 


eat Aus Re , AEE Pend TT re a oat 
ot 2 . 


ed 


—_~--— 


¢ + ¢ + Sd + + + o ¢ 
zort= 66°9- 12"e= eee*- 9°z1- 0S *t- Sz*t- vz‘ 1 WOON 
900° oz*€ ert Lez" 68°S is*t fry? $2i0°- 9901 ; 
SeIO* 160° €9c0° SPIO* zor toso* 100° sAz0° WI0A 
ett’ sot° zie 491° 092° sore oer? 98z0° vO iN 
ete 0°92 eu etre Orly 9°21 tS" 19°9 v901 
*o ‘0 ‘0 ‘0 ‘0 7) ‘0 ‘0 VOeA 
ott’ gtet- »02*- 40r- 19S°= 162°- eLtt- Loz o¥N 
but’ eze* 92° 12’, $69" oze° soe* t9* ow 
8Z40"= = ToTO*= —s EBEG*= £O1t- BT TO* Z1S0%= ttt = 9tT*= vdN 
Lie*- €2°2- 95*t- 078° 15 *9- St°2- Z€°T~ co°2z- rh) o 
eo"t 42°9 09°2 0»s* 9°0T TL °2 046° 199° VON = 
80°S- b8*6- 2o°L- $0%%- or et- 20°8- zL*o- 64S 87 
"*2>- oy = Lr@- 9° 12- 4 92~ 0° 19- 10e= 4°82 = A 
9190°% = sBl°- BZ1°- 9690°= BEEe= TRIe= Ttte- S2te- AA 
0s9° Osi" 0SsS° ooE* ool° 00%° 242° 992° W 
40% x 02 ¥ 02 ¥ 02 1S 1s 1S 1S 4 
oa L 9 S 4 c 2 1 #904 
> + + + 4 + + + + ¢ 


(WALSAS SIXV AGO) 
SHAILVAIWAC ‘IVNOISNGHIG IVNOILOWWIC-TVURLVI = VEC-U 
L-Il Flavia 


Seer enbaerieh Pole teai ee Nod OE 
, é ee : ; 3 _ rr 1.3 . . 


e e . ° « e e + + e 
acre 29°2 cect $0°t es°t 6e°t cert ect TIsAv is 
2° gz’ 927° oge: vate 692° L0y° Ley? VidAv 7 
209°= $6t*~ 099°- L0S°= Tee? 908°~ 40° t+ 2° t- ZILBAVI/3 

ocz0° z° tere 9990° 9St*- ¥ 02° ot’ 22° Tha Avb ast 
ort2 2°69 O°s€ 66°t *GEl 2°2€ ere e°2y taavoy 
( VO/dAVIN 
eect €s°2z worl 7a dE°C sort sot 948° TCthg 4 
€avo° 6660° zor® $660° get° Tete 9el® +7) a ~TCTHd 17 
ota Ore2 eeu atte o°L 7°21 $o°% To°9 (thd Vv 
« ¥Q¢ fd IN 
9s°2 682 zo°e .7 ea} Lec? bore Str? (0°2z=) TC OWS 
tO9°= t$$°~ 46S°- Oge*= T29° = $9S°> EL9°= 490° t=} tC owe 
929° vere vert Sov? ¥°0t sact 962° $6e° Te wast 
ort 661° vere yore 092° sorte yer° 9820° t we 
« vaso )N 
eet €e°2? 99°t age° 2€°€ $9°1 So°t 640° tO de 
290° 6060° zor 9tte ete ToT? svt° ooz° Te 422 
@zz00%- $2000" WeL000°- 69T9°=— 9€7000° Tttd0* = 90TO°= %2600°- WU thst 
ete Q°e2 aett ate 2°24 7°2t et*+ 10° 9 ( ov 
( vos ¢@IN 
0° ¢ 10° €- 9°22 9S°1 ott erLt O€°E Ova ii Pa! R 
2690° Oce’ vot? 9190° 9% ° = ¥IZ° €or° gt? Te ONset 
tore DZEc= 619° 1st" 666°= CEEO® 22° Z02° t av 
¢ ¥0/ =GIN 
SudAVUsary 
T9°t z$°2 o2et Ot B2°E sacl 92°T ert T3008 
1sz0° 990° 2990° et909° tere zor" S€%0° 6099° 123097 
ode° 62°2 s9°l 996° Ls*4 vez yt O22 ZCL700471 
€@v00° tecoo 2€600 ° o2tO° $9909° €v¥to° sero° OTEO® Weavarist 
WIAVNIWIN AC 
089° Osi* OSs’ COe* 02° 224° z¥2° 902 w 
» OF wy 02 402 4 02 1s % 1s 3s H 
8 a 9 & * € 2 I 0 9/8 


(WAISKS SIXY 204) 
euetztty veg 


SYOLOV MOLLONAL WEASNVUL NOMETIV VEG-iN 
Q-Il TIdvL 


* ? + + oy + + + + + 
06°9- atte 8$°8- £z°9H Z°St- 7t*6- oa°o- (3o°s } SC AAV) AST 
86°S 8e°o etl €t’s #°tt 627°L 62°S {Toz° ) ECGAVDL/I 
€97° 00°? $z°T Tay Lee e2°5 naae 9C*l TCAAVOAST 
¥E10°%= ¥9600%= OZIO°- 2090°= z29f00%= OvtInsc= e1ls)°- €890%= Vedavaast 
€0°2 oe°d Bo°€ 66° Brot 80°» z2°t Orin (aavig 


( YOSdAYV Vie 


99°e~ O° 4 ST°o- BE O- 9E°S= O€°4= 90°S= (9°ot } OCT IBYA| 
ote oL°t €9°€ oere 90°S o2°€ sere (z7e° ) Wer4arast 
vee° €Z°€ se°t Ove 60°9 THT 67F° 2090°%- (ika)y 


( HAs IID IN 


984° SSE° €9%° ata° £4€° 694° 029° 09° TC MM 
02290°- zZ2B0° OLt0° €2te 6$z° zZten: 219° 6510° to wz 
L5s° 1E°2 99°t O€L° 8S°s ce°2 sert z1°2 Td owpast 
76° t= 66°9- T2°e- €ese- 9°2Te= OS°E- S2°T- ez*te ( we 
« was) win 
zo° = ET%o- $0°%- €B°e~ %S°S=- Lt*s= 00°%~ 0°69 CC gy L/t 
so°e oL°t oore Ole LO°S L9°¢€ Z1°E 70°S ze bast 
€2Z200°- §12000° $@L00"°° - OL 10° T¥9000° ZTIO0°= LOT) °= €ES00°= Te ddast 
e0e° Oz°€ 6erl Leee 68°S es°t Cor® SZ7T0°%= « dW 
¢ wos) IN 
“001 *€ZI z°6R 8°64 *22t z7°02 6°24 €°2y Ct apast 
z05° 92°2 oort 9te* Ls°% 6°? Fert 0°? 2¢ aust g 
$5690°- eleoo’- 99900°- LLE0°= 9¥100°= 82209°- Z1€)%= %$ 40% = mW east 
$619° t4$0° £9E0° seto® zor €0so0° 1OEeD* S$co° t ao 
{ wos QIN 
SYOLVUIWAN 
Tot @g°2 Olt ott B2°E Stel 92z°T ert TCLIO)M 
1S29° 8980° £o90° 8£900° Lzi° €or’ St4)° 6390° VC13997 
$L6° 67°? 99°l 996° LS°% 92°? eoet 0z°2 ZUS30) 1/1 
€8490° €ce00° Z€600° 62 10° 69400 * €910° so1)° s1fo° ttazarast 
YOAVNI WIN 30 
0s9° 9sL° Oss° ooEe® oor 004° 242° 402° wW 
yw OF Ww 02 yw 02 ¥ 02 Vs Vs S 4S 4 
g ry 9 $ ” € C4 1 @ 34 
+ + + + + + + + + ¢ 


(WALSAS SIXV Xd0@) 
OUeLZITY OTE 
SYOLOVA NOTZONAA WEAENVEL WCMNE VEC-IM 
6-II Tavs 


Pe Dae ee eas 


a Sd 
See oz1° 692° 
91°? zz°l S6't 
"ezZE- 2°e€ *oze- 
659° bet z2€° 
246° oo°t 016° 
2980° 42900° g2€0° 
Llo* 196° 196° 
ty #01 19°9 
9$°S «°ot #0°9 
69's $*ol 62°9 
egz° O6L* ges° 
! $9°> 0s°2 TL°€ 
osy* Os2° oss° 
" 40» ¥ 02 » 02 
8 LZ 9 
+ * + 


CURIGNVUVE SAILTIVNS ONTIONVH IWNOLLOMUIC~TVERLVT 


919° 
99°2 
"22E- 
TeL° 
SSL° 
298° 
ETE? 
99°? 
699° 


TI°2 


92S50° 

£4°S 

ooe° 

A a2 
S 


+ + + 
BLL0° ez2z° aces ets? 3A OL Ind 
90°! e2't Lorz ott? vi3@ O1 14d 
Ley “ElE- "cle- ‘162-9 3S ¥Hd ‘V438 OL IHd 
*OT°® 926° TOL° wort XVW- 8-130 
10°! 996° 6ze° tse° CODM/U Ha) A 
2¢200° ¥B8to° 67¢° 4igo° CAVE d/0 95000 
€96° 926° s0s° 6Lt° Cuasterd 
Ot 91°S Te°2 00°2 (€ld 
€°ort 64°94 z2°t ety* (2)¢ 
y°ouT BI°Ss 19°Z2 ¥E°Z (ld 
ae ins a Be (93S) (2) Iwures § 
att 146° cece esse zstiost 
cet t9*€ Lots Ls*s (93S) Ool¥ad wo 
ooL* 004° z42° 02° # 
aby 4s ahs +s H 
+ € 2 1 PY?) 
+ 4 + + . 


(WALSAS SIXV AGO) 

auerijaty ore 
Vee -dn 
'OleIT TIavh 


gO Ant rai | 
PUI OA caf Y 
“abe 


Bo abtyys 
i” 


a 
eu 


ret 


a Oe teeta 


: NT-33A DATA SOURCES 


Hall, G. Warren, and Ronald W. Huber, System Description and 
Performance Data for the USAF /CAL Variable Stabi_ity 1-33 
irplane, Alr Force rilg ynamics Laboratory Rept. No. 


AFFDL TR-70-71, Aug. 1970 


Tests of a 1/5 Scale Wind Tunnel Model of the TP-80C Trainer, 


a Lockheed Aerodynamics Laboratory Rep.. No. LAL 27, Jan. 23, 1948 


_ Cleary, Joseph W., and tyle J. Gray, High Speed Wind-Tunnel Tests 


wd of a Model Pursuit Airplane and Correlation with Flight-Test 
_ Results, NACA-RM-71l0, Jan. o1, 1946 


Statler, Irving C., et al, The Development and Evaluation of the 
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F-104A BACKGROUND 


The F-10LA is a single place, lightweight, supersonic air superiority 
fighter powered by a single turbojet engine with afterburner. The wing has 
a full span leading edge flap. Trailing edge flaps have a blowing-type 
boundary layer control syster. Control is provided by conventional ailerons 
and rudder and an ail-movable stabilizer. Pitch, roll, and yaw dampers are 
incorporated, however their efiect is not shown here. Pitch and roll con- 
trols are fully irreversible wnile the yaw control is a cable-actuated rudder 
without boost. A bobweight is used in the longitudinal feel system. Its 
position is assumed to be at the pilot's location. 


The primary source of data was LR 10794, Dreg information was obtained 
from LR-12873. 


The nominal conviguration used here is the cambat loading for the F-104A 
based on actual weight and balance data. The PA configuration is a typical 
loading at flight manual approach speeds. 
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PITCH AXIS 


ae assumed to be at pilot location 


ROLL AXIS 


LAT,. 
Ake. Bey (in) 
ST 


YAW AXIS 


F pep (Ib) 


Figure III-?. F-104A Control System 
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Sscas! rad) 


G(deg/in) 


Saca5 (fad) 


8, (rad) 


5, (ad) 


TABLE III-1 


PoJObA 


Power Approach Non-Dimensio.al Stability Derivatives 


h = sea level 


Vp, = 287 ft/sec 

a = 2.3° 

5s, = ~7.1° 
Longitudinal 


Cy = 735 
Cy = .263 
es a = 5 4b /rad 


Cp = -45/rad 
Cm —.Oh/rad 
Cn; = =I -6/red 
Cag = —5.8/rad 


Che, = -68/rad 
Cme = nl -46/rad 
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170 kt 


Lateral-Directional 
(Stability Axis) 


-1.17/rad 
50/rad. 
—.175/rad 
—.205/rad 
—.14/rad 
.265/rad 
~.75/red 
.0042/rad 
-039/rad. 
-208/rad 
045 /rad. 
—.16/rad 
-0325/raa 
—-.025/rad 
—.0044 /rad 
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FeLC BACKGROUND 


The F-LT is an Air Ferce tactical fighter whose primary mission is 
all-weather air-to-air missile combat. Lateral control is achieved by 
ailerons in canbination with spoilers on a swept wing. A swept stabilator 
provides longitudinal stability and control. Directional stability and 
control is accamplisred through a conventional fin-rudder combination. 
Landing speed is reduced by full span leading edge flaps and inboard plain 
trailing edge flaps in conjunction with blowing-type boundary layer control 
(BLC). Boundary layer control is automatically induced wher full flap 


deflection occurs. 


Features distinguishing the USAF F-hC from its Navy counterpart, the 


F-"B, are: 


tt Sr 


 ] eee @ Lack of arcoped ailerons with flaps down resulting in 
a, higher landing speeds. 


@ Dval flight controls resulting in slightly increased 
control system inertia. 


@ Wing bumps to house larger main gear wheels resulting 
in a slight drag increase. 
Data included here was ottained primarily from MAC Report No. 9642. 
: Special emphasis is placed on the longitudinal control system because of 
7 = its relative canplexity when compared to other aircraft. Figure Iv-4 has 
been added to help illustrate this system. Also, care has been taken to 
retain sone of the control system nomenclaure used by the manufacturer, 
€.8., Gy and Pap (see Fig. IV-5). 
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The Stability Augmentation block diagrams are shown in Fig. IV-7. The 
roll SAS described is not included in lateral directional SAS on transfer 
functions since it is faded out with the lateral control stick out of neutral 
position. 
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Figure IV-3. F-kC Control Systen 
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Actuator 


See Fig and for feel system details 
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Figure IV-5. F-4C Feel System Farameters 
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ROLL SAS 
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P, = P (Roll rate gyro assumed aligned with FRL) 


Note: Foll SAS faded out with lateral controt 
out of neutral 


YAW SAS 


tg (rad/sec) 


ay (ft/sec?) 


Tg =F cos(-1.5°) +p sin (-1.5°) 


Oy = Oy +9.97-.39p | 


Yaw rate gyro inclined 15° below FRL and 
lateral accelerometer at F.S. 198.0 and W.L. 23.0 


Figure IV-7. F-bC Stability Augmentation 
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X-15 BACKGROUND 


The X-15 is a single-place, rocket-powered airplane designed for flight 
at hypersonic speeds and extreme altitudes. The airplane is carried aloft 
under the right wing of a B-52 and is launched at an altitude of about 
45,000 ft and a Mach number of about 0.80. After launch, the X-15 performs 
& powered flight mission, followed by a deceleration glide prior to vectoring 
for a landing. With this operational technique, the airplane is capable of 
attaining a Mach number of 6 and can be flown to and recovered from an altitude 
in excess of 300,000 feet, 


Flights to high altitudes have been made with all three of the X-15 
airplanes in two configurations: the basic and the ventral off. ‘The basic 
configuration is considered here. 


Aerodynenic control is provided through conventional aerodyramic surfaces, 
with vertical surfaces used for yaw control and the horizontal tail for both 
pitch and roll control. Ail of the aerodynamic control surfaces are actuated 
by irreversible hydraulic systems. Control force is provided by bungee for 
pilot feel. A conventional center stick is used for pitch and roll control, 
and rudder peijals are used for yaw control; however, a side-located stick is 
provided for control of pitch end roll in high-acceleration enviroments at 
the option of the piiot. Most of the X-15 missions have been made with the 
side stick, although the pilots used the center _tick on their first flights. 
Only the center sticx control is shown here. 


The augmentatior system shown in this report consists of angular rate 
feedoack loop. about all three axes. — addition to the normal p -= 6, roll 
SAS locp, there is an r -~ Sq feedback known as the YAR loop. The goins for 
eack SAS loop are manmualiy set by the pilot. Ire SAS-on transfer functions 
given for this airplane assume maximm gain settings for each loop. This may 
not have been realistic for actual flights. 


The flight conditions considered for thir airplane are all for straight 
and level trimmed flight. This is definitely unrealistic for this airplane; 
however, the intent here is to show gener: _ speed and altitude variation 
effects. 
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Figure V-3- 
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X-15 Ccutrol System 
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(rad) 


Sa(rad) 


Sy(rad) 


Rineaeter ene 


‘we. ee 


PITCH SAS 


8 (rad/sec) Sscas (rad) 


ROLL -YAW-YAR SAS 


Roll Gain 
p (rad/sec) Sosag (rad) 
Yor Gain 
Yaw Gain 
r (rad/sec) By sas (Fad) 


Note: 
Gains variable in |0% increments of the 
maximum values which ure shown above. 
(eg. roll gains selectable ore .05,.10, .15, 
.20,.25,.30,.35,.40, 45, and .50} 


Figure V-4. X-15 Stability Augmentation 


113 


+ Bho tne ends cS rae eae , F saad oe ae ' 
Sete NE ARAB ABR Se WOE TUE Tle MG 
. Aan Y 


222° 
q!09¢GSI 
SI-X 


4s000°08 
43000'09 
4000'0v 
4000'02 

1s 


Nee 


See ae Ge ye 


a1 O9SSI 
GI-X 


4 


OTE TAT ANEMIA gamete, WEB RRR 


13000'08 9 a—ee ame 
4000'09 qa ne 
WOO0'0e ——-—— 
W000'0 —<-=-— 


S come 


115 


yoow 
es) 9¢ ee i> 4 ve lors 91 ra 8 ¥ 05 
O—--- —— om, 
“OO = 
—e, sc ~O, ¥ 


"ee \ (, PP4) 
43000'08 —--— \ " 1 Pag 


3000'°09 —— ‘s 2 
WOO0'C” —-— 
#OCO0'OZ --—=— 
a nie q 
f \ c2 
4 Q 
an a 
Be 8 v 0% 
| 
r 
¢ 
(, Po) 
a1 09Ss! w=—--g P| |i b Pr, 
gI-X “ : 


116 


CN) ene ~ 
| t 
uN 
: 
a ee Sar Siew, Sty PR ZION 2 mr aE NRT 7 
9I- 
4000';08 —--— 
sunday pjhyy #000';09 ——— © 
222 uoOodj0e —-— : Zl- 
qiosssi 
SIX (, P04 
Pury 
e- ‘dws 
v- 
é é 
ae : : : - (e) bar 
mR) o «oS ze Ogee. 92 =~ 2 7 
uy 
. 5p. < 


qiO09ssi 
sI-X 


4000'09_ ——-—— \ - M15 
13000'08 ——-— 
4300002 --—— \D m 

1s —— 


‘ soa? 3 | l a <2 o 


e 
. G 
; * cium 
: ; Md 
: ne > 
r ay Sis 
“ . » 
-_—~ | 
* . 
ewe eae oye os : iseeae e prea ars area ee or ree 
Pr RO OL Eee oo a + Lo wee peeemm ee 8 Baer tee ee er 2 tag me eye. tne Jey aaee . aoe Po is * 


119 


, 3 qio9ssI 
| | de ei 


e « 
Le ee Bae Ae RR REIN Uw 8 A). OO SY © ORRIN FAT RY + ey weer: (An UnreHeRT IE RepaRngeS: 


#000'08 —--— 
43000':09 — — 
sjxy Apog 3000'0b —--— 
qiog9ssi 000'02 ---— 
SI-X 4S 


90° (,pos) 
so- fo 


120 


te CR es Sta 


f a . : : oa as aR haiad ch ae 


: oF <a NG 
i > ae 


SLICER TOE: Rel lage IY Fer S ameEReEH ee 


TF EARN he me eee WO par ey en yp epee : 


et Cn 


H4O00'09 neem 

000'09 ———— 

six Kpog HO000'0R —--—, hat 
qo9ss! 4000'02 -~—~=— 
gi-X cos 


tai 


7“ N\ 


1} 
on ye 
a a 


ae 4300008 =~--—— 
4000'09 ———<- 

s)xy Apog WO00'OR ae 

aiogss! 300002 ~~~ 

SI- "4 VS semen " 


A... 


@ 
ee ® 


a" ae = es See Ai ta ae 


o9 95 y 2 82 2 oz I 2' g ¥ O, 


UO/§901ZOP 102111qDIS 
10}4U8293)/P (D404 BYys 8) °g 


4 . © 
43000'08 —--— oot, 90° up 
4000'09 -~—~ . 
OOOO —-—— 80 
q109ssi HoO00'0? -—-- 
SI-X se 


OF= (.PP4) 
go- “0 


0 


| eens, aa Re es Se sore peas RO RSE EOE OE 


+ ca Reece oe ; 


EERE TA Det lytek, 


epee ewppremeng im tie o heey eS NAPS LITE s We hd ed: > ns y wy "3 é r m “s k yy ae . $y oT by : aera 


RL Sy TR ratte 1h ede 2 


. 


sixy Apog 
a09SsI 
Si-X 


cu 


(,.P04) 


| 
| 


Poh as ly 
oe Laat pegs 
ew a 


*o 
3 
om) 
: i C2°2- 
tos e°at 


« 


7 *v 
Ovu's 
*acez 
*ousl 
We vet~ 
- * 06% 
“€0678 
"vous 
"Os 
Ozz° 
*O9SsSt 
992 
"SL7E 


“548s 


Oe* z- 
ecal 
*a 
acot 
“991 
°90! 
l€v°- 
* Jot 
*tu0zs 
"éeOced 
sot 
oz2° 
°a09sst 
“ale 
"426 
"49ST 
vv 
wud 


6 


0 
°0 
0 
O2°2- 
e°e\ 
*0 
oz°2 
*si9l 
°9$6 
Tev%~ 
* 06s 
*€coes 
*€2000 
"OS9e 
O2z° 
“O9SST 
*O¢9 
"OzLT 
"9062 
oo'e 
Yo 


*0 
Q2°Z- 
e°et 

0 
oo°4 
*€0u 
92% 
levr- 
"Oks 

*c00z8 
*€0000 
“CS9E 
O22" 
"O96ST 
"zee 
“Lott 
“9C6l 
ouez 
» 09 


2 


SURLANVAVd NOILIONOO THOTT anv ‘Sev “TVNOISNIWIG Sl-x 


0 
ote 
"ele 
*est 
TEve~ 
°06$ 
*€0028 
$0008 
*Os9F 
o2e° 
“OSSST 
*2%¢ 
"989 
*T9Tt 
Ozt 
4 09 
9 


+ 
°° 0 
*0 a) 
“Oo °0 
O2°2- az°e= 
g°el e°st 
0 °0 
ooze Ores 
*$$5 *2£02 
"LOE °tat 
Teer tEer= 
*066 "06s 
“C0028 *€00z28 
*€00098 *"€0008 
°0S9€ “ISIE 
O2z° 922° 
“O9SST *O9SST 
"See "E42 
*8e9 * 6S 
*T9Tl "oll 
Oz°T 008° 
¥ 0% » OF 
s * 


°0 
O2*2= 
B°et 
a) 
oore 
° Os 
*9f¢ 
TEee- 
°06¢ 
*200ze 
*€ 0008 
*OS9E 
O22" 
"09SS1 
*eLe€ 
* 26% 
°O€8 
008° 
4 02 
€ 


*a 

"0 

°0 
02° Z= 
R°st 

°0 
oEe°t 
oott 
"896 
TEéve~ 
* 066 
"C0078 
*€0000 
“OS9€ 
Oz2° 
*095 ST 
°62$ 
“62S 
*€68 
009° 

1s 

4 


ar lz*ol = 29 ‘93 9¢°%2 = a ‘az be COS = gE 


t-A FIaVvi 


*: ian 


0 OE 


*0 toaer ix 

“0 (o300MLT 
02° 2- Uven 
eet (kane 

0 - 1930) vERVO 
00" (990) ve WW 
**6€ (4$4d)90 
“Oe "  ¢gse08 
Teve= (980 1ND18 48 
“06S (9S 2e9nIS)2KI 
“£0028 (DS ag-onIS) 71 
“E0008 (0S Ad-9N7S) AD 
“OS9€ (95 25-9018), x1 
o7ez° (99nN 2 °9°D 
09661 (S6)K 
“Tee (SVOWIOLA 
“tee (SVL WIQLA 
OS " (Se@ 412A 
006° (<0 

1s (aan 

t os 


125 


oL°t- 
"90T- 
49°S 
LOUe= 
*9 
“oO 
a) 
czeo00’- 
T2te- 
Stz20u°~ 
4-30€%° 
15400°- 
7T000%= 
oo°y 
¥ On 


o1 


2O°2~ 
Vet 
Wee 
Z040°~ 
$- 3499 °~ 
“a 
ma) 
20200°- 
zete- 
Lz10°~ 
625000" 
€tiw‘~ 
TU100°- 
oot 
» 08 


6 


zat 0e°6- 
*921- 2°68 
$8 ¥ 92°9 
tsz*- eat’ 
$- 3506" *G 
“a *0 
*o ‘0 
87500" - €2£900°- 
£2t%o TEs 
RYTO*- O6t0°=- 
StZ000° t2%000° 
9O10%~ 2tto°~ 
{tolo*- tTz800°~ 
oor’ oo°2 
¥ OY x G9 
a Z 


96 °S- $°St- 
Tego “a9Ne 
32°6 L£0°6 
voT%- 646°%= 


M-32L9°= = 4H21CCO®~ 


“0 *o 

im) “0 
TISO0°=- 62600°%= 
19ZP- 209% 
€6890°- O1gao*~ 
2 AGHy® tatoor=~ 
@xE0°~ TRZO°= 
91s00°- 9TZ0%— 

oz°t O7°t 

x 09 a 04 

9 $ 

} ¢ 


5 


4-3 26° 

°o 

"9 
6SS7u°~ 
HOES~ 

69T0° 
99t000° 
EZEOt= 
9ETOPW 
oce* 

» 0% 


” 


o°LT= 
*961~ 
>°ot 
$$2°~ 
OSto00’~ 
*0 
"0 
$%600°~ 
$48 °~ 
/ 
TTT0° 
622000° 
StEE0%= 
2620°=- 
oo0B8° 
» 02 
£ 


(WALSAS SIXV AGOd) 


2-Ah TIVE 


é 
’ 


GAALLVAIURC TVNOLENEMIC TYNIGNLIONOT 


L°Lt- 
"ttre 
eL°6 
C$ “T= 
ZRZAN0 P+ 
*0 
°0 
EZ10%- 
99°ta 
$0 100° 
R2Z009° 
ES70°~ 
T090°- 
oon? 
aby 
2 


GI-x 


vret- 
"091 
zu 
StL*= 
N$2000°= 
“0 
*O. 
a110"= 
To*t- 
6¥z0° 
eoro00* 
tLy0°- 
oteo*- 
ngs 
ar 
1 


@ {4 


a 345 


126 


SR EaeV oes. 
REAR Y eh pe 


70°b 
éosud° 
é€éuuo* 
é02u00° 

“°es 


ra ee 5 
ae So 
62 8U0° 
*eol 


rite 
Youu’ 
b4*u- 


@o4uu" 
Otw* 
“ol® 
edhe 


“ole 
ev2° 
wrsu® 
79'S 


oer? 
bleu 
BeLUL® 

929° 


oo°9 
> O8 


vt 


ts’o 
990° 
€2800° 
TS VU0°%- 

“ool 


PTE ENG R89 Or engin o ape ee ASTD YE BM EEE Ie TRIE, i. 


97° 
St10° 
€2z0° 
26102°= 

"Set 


69° 

86°9~ 
6020° 

°991 


864° 
9220° 
G°GT- 


$210" 
928° 
*o0t 
*99I- 


*e0T 
966° 
£o2° 
Lees 


Os 
ot? 
"2680" 2} 
(6999 %=) 


O2°T 
40% 


s 


€G°s 
Tvty° 
3110° 
T1400°~ 

9°%s 


€6°%% 
99° %~ 
$€%09° 
€°08 


veee 
@ETO° 
20°%L~ 


L9€9° 
99T* 
T°09 
ver 


(12e° ) 
(926° ) 
a°k9 
8°O0t 


Tr’? 
902° 
6190° 
ezt° 


Ul’s 
9920° 
9220° 
£1200°- 

°e2z1 


sled 
£6°9- 
9520° 
* 96! 


GeL° 
€620° 
G°dt~ 


£7€0° 
%6E° 
e*te 
"86TH 


(6€2° ) 
(826° 3} 
9°2e 
¥° Or 


(WELEAS SIXV AGOa) 
330 SVS 


€-A TEV 


GEOLOVE NOILONE URESHVUL MEZITIEVIG 


9°et 
T1¥0° 
€660° 
4278000°= 
*9L2 


etl 

0°OT= 
9950° 

"ice 


zs°t 
0090° 
9°b ea 


Cl-x 


ere 
Ovso° 
zT€0° 


9% 0 0°%= 


O°8e 


26°9 
60° & 
020° 
191 


teee 
v¥to® 
L°Ete 


SSso° 
062° 
9°89 
"O09 t= 


(ese° 
(ove 
e°ky 
z°urt 


} 
’ 


* 


Tiarvis 

Vlezvo7 

ThdZvdas 

Uezviast 
(azv0v 

t So/d2VIN 


€t OHds7% 
ZC QHDA/T 
TC Ondast 

¢ QHiv 
€ Sa GHIN 


Zanapast 

Teanarest 
(Hi bv 

¢ SO/BHL IN 


€¢ npast 
2c npast 
te mbast 

¢ niv 
( Sar fin 
SudivysdOn 


zt 

z{ 
Tisgone 
as 
¥I AVN IWIN 390 


@ a 


TTR OSE 7? Pe I ey we 
, Ha 


coy 


Ate ee 


a ee Je 


who idta €S*°6 0° Z€°S 79° eers OI°s 9°ET e27°9 Tlar7vi4s 
4b5UL* vtZor 99to° 9220° e710° st€to* t¥10° 9820° 1390° Ovsa° Vtezvz 
eeu vulve- tea00° $0990° eeL00*- €229° 110° 220° 669° Z21€0° ztgZvps/t 
Lb VV" - sSluor- 197000°- 9€100°= 91100° 46109°%= ITL£09°= atzoor- 2£29000°- 9 700% WesTVPIST 
ices 9°92 “90 0°46 6°Os *s2t ¥°2s *uel "912 O°¥6 (atviv 
( SO/d2¥ IN 
Zere 60° € s.°a ze°% oL"% o9°L C6°4% ry oe ert z70°9 €( Ons/t 
Tetl- Qo*t- Zs¢a- €ltu- Lo°4- Bo°9- 99° 4= £0°9- O°0T- €0° 2¢ Quast 
a2 2a? letar- Exrvva° Z78%00° 19900°- 6020° 8€ 402° 9S20° 9e¢0° 04.20° UW QHIAst 
* el v°ez "92 2°68 e°e9 “991 € ‘08 * gol "1e% *19f « ony 
¢ $07 OHIN 
be Be aire zyvez° Ts2° O12° Boe° vyeee OEL° zs°t 169° TC aHAl ast 
66600° OLE dur - 61600° $8900° @1200° 9220° ge tor €$29° 6990° %4 0 * VOSHLD LT 
boo sue2- €*2t- 0@°6- 96 °S- $*sl- z20°%s= €°LT- 9°LEH~ L°et- EL el 
( $0734, IN 
€$$00° dt o° atyoe o9t0° 6060° 210° L9eo° v7e0° OvEO? $$s0° Td ADS 
ote tytut- lees 192° vor 920° gore vee* 290° 662* Tt “Nr 
“bee “ost *2u2 "22 *eot “ool 1°89 €°ee L°62 9°" We Meare 
*wOl- tr Le- "92 I- 2°68- T°eo- *99T- 9°6L- *86I- “Tio "O09 T- { mv 
($0/ MIN 
“ou *oSl “zee *z12 "sot ‘ool «l2—e" > tecee Teee (tse° ) €« Mast a 
ater '¢e° €1e° Ios? O2z%° 950° $926° > 126° vert (aee° ) ze OND ALY 
rev? 9eco° o7vo° Ge10° 9260 ° Lo2° B°L9 9°22 z2°1 9°24 We Ndast 
49"°S Vira Suc #2°9 12" 42°s e°Ot wor Gr°6 2°tt t nov 
(so7 nw 
SVD AV VIN AN 
7f2uue aut i7to* BtzZ0° 29°2 toelt } 85 €0° 60€0° (2°62 ) %1$0° T1304 
vs" eee GLe” 292° 156° (€s*t ) autre vey ¢eert ) ecee TUL 3002 
ve'e (se20° vie’ wore (6620° ) Te#0° ze%% a | 410° 4°01 7OLIOP AZT 
496° (292° 3 ws°2 g2°e (4600° ) OSEO* o2°t cert €€600° tort Wessarast 
WIAVN IWIN 20 
ud ov} v0°¢ 00°2 1 ae | O2°T 398° 998° oos° 00s° “ 
> 08 A oe » 09 » 09 » 09 y Oy uO% 4 02 Vs 7s 4 
at 8 @ t 9 $ * € z t @ 3¢e 


(mage4g stxy Apog) 


uQ SVS 
SYOLOVE NOILOMNY WRAGNVUL UBZITIEVLS C1-X 


YrA TEV. 


SNe we renee. ee 


tot? 


2° et 


a420°- 


évtu® 


aal’ 


sesh gh, alo on ERA A ae 
¢ ¢ 2 e + 

sete Lez" 6{s° 4ss° 948° 99° 
= -- (e°ot ) -- -- oo 
z1e° 1To0e° 2s¢° 966° S%y° o7e° 
oles tard 19°? 9S°% 29° LBo° 
es! acces Beal 26%! sat z°te 

s7lO°- 86T0* O20 = 2ETO* = 69L0°= 9LT*- 

Q3xX19 RIS 

00°2 o2°t oert 002° 00e° 008° 

409 4 09 ¥ OH 4 O% n 02 ‘1s 
r§ 8 S 4 € 2 


(uzyshg stxy Apog) 


JIG SVS 
SURLIAVEVA SALLITWNG ONT IONVH TYNICNLIONOT $1-X 


Gh TIavL 


00s° 


COUsTIIZI 


« ¢@puond } 
(Z1GLOM He 


(9/938/938/0¥N) V9 
(9/930) $730 
(OWw/9) VIN 
taw/930) (N10719)0 


338) 


% 343 


129 


tects 


oz°*t 
€410° 
6250° 
$0°o 
0%8000°- 
L2L0°- 
ot 
G6620° 
Wrete 
e°t 
e°2l- 
8°O9- 
H1s0°- 
ov't 
¥ O08 


6 


2°*tt- 


ae°9 


€980° 


eoct 


€°24 


Oi 
~~ 
al 
o 
° 
° 
ry 


~ 
wo 
-~ 
. 
t 


=z 
< 
~ 
oa 
. 
, 


06°9= 
Bes 
9270° 
€56° 
L°82 
®6700°- 
FoI *- 
€at° 
SELOO* 
z79°T- 
weet 
9E°2- 
“992 
Late 


oor? 


Qe'7- 
W7°y 
92€9° 
€o%° 
er“t 
€S€00° = 
691% = 
0250° 


€0so00*- 


AFL SH 
12°S 


60°%- 
09°9 
ete 
60°? 
2°2s 
L£120°%= 
Cis%= 
OC 80°= 
79800 %= 
60°%=- 
2°et 
Leite 
°26c~ 
*0E°- 
ooe* 
% 02 
€ 


(WEISAS SIXY 200d) 


Q-A STAVE 


6°9Te 
Ost 
22° 
SR°e 
EU 
1990°= 
SO°T- 
OLT’= 
7@800°~ 
€6°C- 
orle 
S6°l- 
"Ols- 
1S°- 
ooe* 
1s 
4 


SZAILVAINTA TVNOLANANIG IVNOILOMELG~“TVERIVI = Sl-X 


AQ«N 
Ade 
AQeA 
VON 
Woe 
Waes 
oun 
om? 
odN 
1 
oan 
a7 


a 3s 


130 


Saat | ated 


ee a ee 


VP 


cor 


eure 
4L20° 

Foe 
eecu’ 

2°98 


err’ 
250° 
1°ee 


d2°4 
TWlor- 

$ol* 

Cuet 


S7r°k 
v1to° 
£87 V0" ~ 
ortte 


* Jute 
ade’ 
oL4G0° 
4S100°- 


Os°€ 
Z0¢ u* 

Cus® 
£G0000°- 


00°9 
y Ow 


ot 


vsl? 
OZo* 
Te [- 
lest 
sat 


ert 
%Ev0° 
4o°e 


40°88 
ote 
¥e.o" 
64¥0° 


vert 
Yoru? 
6€400%- 

vue 


{0u.0° 

(svv° 

"ONE Ze 
O7¥000"- 


ol? 
Z6L0° 

202° 
e¥900° 


oot 
u08@ 


6 


ove 
UsI0* 
O9C°- 
Lore 
9°L6 


Zor€ 
Zesu0° 
€°2y 


GL*y 
@stue 
6e2° 
Burt 


26% 
€zs0° 
$29000 °- 
e°ee 


(997° ) 
tyve* > 
i’ee- 

€7500°= 


oer 
vzS0° 

6o°l 
28T90°- 


oo°e 
™ 09 


+ kee 


az°e 
Tes0° 
zor° 
ast° 
22k 


se°e 
Cov0® 
v°s2 


9L°9 
4290° 
6€2° 
€66° 


vere 
0640° 
9Ttoo'=- 

4°82 


(eoe: ) 
(were) 
*202= 
86700" 


sere 
€0S0° 

ort 
$t200°~ 


00°? 
x 09 


L 


612 Gore 1€°2 OL°e Z2S°s eEre Ttgavoe 
4660° €280° Bette ote ect’ 9st’ Utd avz 
962° ze e= 2Le°= 80¥° 969° 909° SEGAVII/I 
9er° otz* 9oT° sttr~ ¥9Ee— Leec- TlaaAVd ist 
L°2¢ “9 1°9s “OCT *OO€ 6°16 (dAviV 
( vVO/dAV IN 
ze°2 t6°¢ 7E°2? @L°€ eos vert TUTHd a 
#ES0° ec20° z220° ote vote tote UCIMd 97 
o°ut 9°99" z°t2 e°2s¢ “ot e°se (ld IV 
( Os THd 1H 
€e°s 02°s Sore 22° ore 96°€ Tt ws 
€6%0° 6$59° $199° osi° 622° 477° Te waz 
O6t 10S° o1€° Oree $o°l $60” We owt 
€Ov° gel Ble 60°? sere 6st ( we 
( Vos. WIN 
O€2 €o°%% Taa4 BL°E £9°s vere te 94 
%4S0° 5SLO° €920° 60T° €ot* Oat * te d2 
€0900°= %102*~ $6633*= TOZ00%= €08000°- 96£00°- tte bast 
BLT $°9% tle 2°2s *ett z°se ( @W 
(vos dN 
~= 
a 
{sete } (oe9* 5 (390¢e° ) (seet ) 2°6? (se°t) ec agyast 
(vere) (les* } woe ) (90E%=) ces (095°) Z( QdA7t 
"St0- 27k *622- e°92- Leb t= aS oa Te wrest 
ESEOO*- =O TO°- 9$800°=- LIZ0°- 1990%= 9L20 °° { av 
(vas @)N 
SYsAv Yad ON 
ture 96° 59°? OB8°e £9°S 9e°e T4230)4 
€z90° %S10° t$o2° Olle vote @e1° T1302 
649° 6s°T T66° 90°2 €6°€ 99° 2 20a FAI T 
449000 °- 60900° vLTO° v€Lo0° ZETOO" 610° 1(1390)271% 
VILYNIWIN 30 
oz't O2°T 238° oos* 008° 0os° wW 
409 ¥ O09 x OF x02 Vv Vs H 
9 s % € 2 1 3/8 
(WELSAS SIXV XC0E) 
330 SVS 
SHOLOVA MOILOMAE WEAGNVEL NOUFTIV Sl~xX 


~~ ’ 


aise 
Re ner tee 
re s* . 
ares 
- 2 


VIG AW IN 
ees ez TigAeiz 
. : € LO %° jAW)S 
: 1599 pee aay De aaAviAal 
atte ot 220° eee £0°9 ge200° taAV¥ 
9 : 7260 % 2° ee 2670° *e I+ dA IN 
wy Geove 1229 69°? Soi 0010 er ree 8°e Cac 
: sity ater : son €20° 659% 
Sa a ¢90° z - at Ve $00 ° # eae Lote 
bore > ates pee ase tee; notae 771 ns TetHa i 
bi a ra : suet aed ote te} tls 
7 bo OMRE MED) ME eae age MNO tam 
ze" 6 €2°9 
2 ° col °2 
: ees i geia: ete reek) a, tt own 
Lory ow) utso b> . wi? 
£950" elaine ye? 0 oe yor , a at ist 
tLe 4 a a4? 
. oe Mae a ete a cee fea WON 
“1 ts ni - cces t syle 
“t 1eort 2 een (tot? ’ 2ce° ote 60° l= . 
3a a rouse bere costes oe ake 
vr" . es 5 mv) 41? 
ae OoLd artt- = ‘ ses very vt ayist 
Bezie tee te be) Vt za gore vt av 
Vite (gents 6te ovooor- 41.40 : oon 
az 2°) ash \agooe~ EB TOO"~ 2 aa ars «Aas 
. se 90° ee 1 9°9 oO 
ae ty ‘ Seis Se108 . 0 
a weer ye? aoe 20930 ul bsr2 ine o 
sou" chee seage = “ies se 6°69 HF Chast 
bclcdinloceN u7s00" = ‘gary *99 ast 
Le2QQV°= oz" 2°99 1 > id C Qnas 
2 he be 8°6s bev 0°2 aon e210" { AT 
*90T s*t aN v L9800° 1 ¥ uf ( aw 
* 42 ii 9¢9° aac $1299 att 922 SUD AVEBHON 
AA. “1 See 18 t00° a sa0e 6050° 
“eb axe* ae te --egeg002% co° 178 
weuce= Uttar cosy ea an ; Lt aais 
tntuc~ . e a2 
° €7t0 s ry ue 
72u < COS . qansst 
, 992 aris eats oer gona : 
ere uit vgeoe tees brits zerooy evo" WOLUNTWIN 
. st° . Vub° 0° 
are . £290 © os°t * ¥¢€i0 
ne oieed »250" ae 649 5 80909° 9210 ; ‘ 
ae: Zoll” 60°t Si76082 £99000 °- cov cos 
tus" 9300" yut00"~ 220° rae 1S “ 02000 
ona e9p00U"- = & . oz 39 »o t 
+ tps ore ee BAOe. € . 
yey 9° sore » 09 an ° 
me fy Rh) boon “M OF q $ 
» 08 mS F r 
t.) 
ot 


(WRLSAS SIX¥ A008) 
350 SVS Ate 4 
WIATTSVIS TWOLTSTA 
Vi NOTION WRSNVEL 
BBOLO Q-A FIGVL 


Ee © ee rm 


a> 
4o%° 
Geran 
L9o0u* 
a°ve 


ort 
Voy” 
tour 


wf4 
Itlute- 
geist 


cet 


bork 

a7s° 
Ved snus = 

vree 


*<bt- 

erst 

zur 
éGhuur- 


2H 
yg? 
9S] 
USZuc rn 


oo'v 
a0%3 


ot 


VES 


Ppt st pee 


sry 
¥es° 
vec l- 
eee" 
9*L0 


Mur t 
Ods° 
le & 


ML°9 
estus 
82° 
eort 


wore 

Ous* 
919009°= 

t°2s 


*8dl- 

v°0l 

¥6z° 
u9G00"~ 


e2n°€ 
aot” 
ST ee 
woe° 
272k 


9t°e€ 
voe° 
erez 


eles 
4290° 
ot2° 
€66° 


vere 

S9E° 
Stl0d'- 

2°02 


"Loe 

96°C 

€12° 
96900°~ 


PE NT TSE OYE er ee yoreetNmy SITE Oe RES PER TT ALOR EE 


a 


Ot’ 992 ess 
>LE° 4te” 226° 
VuGre 249°- oze° 
z1€° s¢z° €fr°~ 
“It 1°95 *Oo€ 
90% 9°? Te" 4o°s 
e1e° 342° Lote €S6° 
9°99 z°tz €°zs * ott 
ors fore zee 4c 
6$$)° $t99° Ost’ oLt° 
10s* ole dae° sort 
oot @eae 60°? se°¥ 
Sorc Se°2z tere 49° 
oLe* €42° Lote €ss° 
Zstvd*= ¥SSII*= FEtOO°= JOL000°- 
$°Or Tete 22s “elt 
Viod- *OCt- 3°s€- ots 
90°S cert €2°9 Cotte 
iss° z9C° ott z2o°€ 
Q2t0e- PSBII°— = LT ZO 1990°%= 
Cece cer? rere ser 
Ov€* zze* GO%? 9GS° 
Ore? ty Be <4 2°66 
4i20°° sttor- eredare ZED 
Og't 906e° 000° oos° 
4 Oo woe ¥ 02 ab 
Ss ° € @ 


(WHLSAS SsX¥ AGOd) 
uo SYS 


SUOLOVE NOILONNMT WRASNVEL NOUMTIV S1-X 


G-A TEVL 


cere 

ow 
99C00°- 

z°SE 


were 
(vcee } 
Ce e~ 
#12 °~ 


Tlgavys 
Tid avi? 
TUAAWDASY 
Teaawralt 
(ad avov 
€ WAdAV IN 


1 


ct Ghat 
zo MAST 
VO Gast 
( Gv 
(var Gin 
Sudavuawnn 


VALagan 

TOL 3092 
7023008771 
WCaFGlas?t 
WIAVN IWIN AG 


© 3a 


133 


i 


1°92 

$o°t 
$2200°- 

99°9- 


"269 

vot 
9*S00°- 

1920° 


zs°t 

795° 

9° 9t 
0$200°~ 


00°9 
» 08 


ol 


98°2 
z6%° 
ye°s 
@o20°- 
£9°6- 


e°ele- 
10°? 
wee" 


(ver€ 

(L£99° 

#990° 
Teele 


W0°La= 

o0°2 
%€s00°- 

ort 


ooet 

oe°2 
9a70°- 
ato" 


weet 

10S° 

agre 
P2500°- 


over 
¥ O09 


6 


6L°S 
90T0° 

I'VE 
96600 °- 

0°9S- 


$°vE~ 
92*te 
*>°9 


(9°22 ) 
(twtr 
@689°--- 
actte- 


9°0E- 

CEct- 
#67000 °- 

ee°e 


*6€2 
zz 
tator- 

€0$9° 


96° 
gts? 
9°12 
TETO* = 


00°e 
x 09 


(e°st 

(€e60° 
0290°= 
06°9- 


e°9t- 

Leee- 
€Et00°~ 

ee°s 


*z21 
ors 
O910°- 

9240° 


ze°€ 

sae° 

vest 
RLTO*- 


oo°? 
¥ a9 


t 


’ 
} 


92°2 
aL90° 

o°0€ 
8620°- 

40° 


€0°L- 
1tZe%= 
6L°€ 


(86°6 

{otgo° 
CLLO°“ 
Oe°z- 


92°S- 

OSz°- 
92409°- 

Vee 


oot 

tts 
OOfO°= 
9zto° 


12°? 

REZ° 

oc°s6 
Z1E0°- 


oz*1 
4109 


9 


’ 
) 


9z7°€ 
N2E0%* 

*°OR 
€e20%= 

s*61- 


6°ETH 
669% 
sou 


{1°92 

tigi? 
Lote~ 
OS*L~ 


oreo 

Tove 
ELT00°%~ 

erst 


*Eot 
1°22 
0%20° = 
TZ e0° 


tore 

vet® 

O° 
iLZ0°%~ 


} 702° 
’ 94° 


(2°62 

(2860° 
LOTO%= 
60°%d- 


$°S2~ 
TL€0° 
z2$200° 
99°99 


(WEISAS SIXY 200d) 


uO SVS 


’ 
) 


(T°t9 
6st? 
CRED c- 
o°ol- 


9°0S- 

eed 
Q0100%- 

O°st 


eR Fake Og eteartp TER AMR RIRORe EY 


R°ST~ 

v€2° 
@0200°- 

4e°s 


BEOLOWE NOLLOMNT URISNVEL ETZTTIGVES TVOLINGA Cl-X 


OleA STVL 


TOdAV DA 

TCdAw 7 

ZUdAVIAST 

TH@AVd Ist 
tdavov 

( AOsEdAV IN 


ZU 3H ad I/T 
TCISD A/T 
(tHd)v 

( AOsINd IN 


(saw 
( Ags ath 


Ce s/t 
gt owpast 
Te GELet 
( si 
( AG/ ON 
SMU VIHCN 


ttiaain 
119002 
z¢L300i/1 
WAI A/1 
BOAVNE WOR FO 


9 Q3 


134 


aa 


| 
i * 
; | . 
. 7 
“ Sep De ‘ ie 
be 


ro 
me 
o 


a oe cr ee 2 FAURE rere rier e bE TORE TEE RAED BES TO Gn Sen eee « 


: of ¢ e o o a td o é ? Fi 
F 6080° tess 6010° 6Cto° teat oR40° otes “2990° 1sZ00° tte0° 2A O14 IHd 
eset 99°? iret wots $s2° Bee 9t°z 669° Y6eo° eee: vi30 O1 the 
Ci he § ese *T6l o°o€ 6°et $0°6 2°41 s°it Te t= €°22 3SwHd “Vi30 Ul IHd 
; vor 699° 1t90° est? €9s° oot e6e° eeto* zere yze0° x¥W- 0-730 
G¥o° TE9* oO"? 866° ¥$6° 966° 768° 166° oo*t €66° COIM7E HOM 
-- ogee -- = 1010° -- 970° oo -- =~ (AV) d/( 358018 
-- zoee -- -- 796° - 626° - ~- -- (Td /12ha 
-- 6$°8 -- = 0°tz -- 9°st << - = (@o¢ 
-- 96°2 -- me $°22 ae Ltt = _ == (2)¢6 
-- 66°E $°6E -- o°e2 2°62 ost ooo? erez 9°tt (the 4 
, *@0d -< See *t2€ *OSst =< << —— = = C338) «62d TWwids 
Lz? oz 9L9° 9S4%° 99¢° 699° tage to°t zert otet (SAE 9/1 
oct e0°2 29° eect 46°2 ost 6r°Z ioet evrt 6e°t (Jas) GOivad wa 
90°9 he | oo°e 00°2 oz"1 Cy oe | ooe* ooe* 008° oos° " 
¥ 0% » Oe ¥ 09 409 4 09 x OF x OF » 02 1s 1S H 
F ot 6 C) 2 9 s 9 € 2 1 ass 
4 4 ° « + , + + + + ¢ ‘ 


(WaLSAS SIX xG08) 

; 330 SYS 

; OURLEMVEVE SAMILITWH OAC TONVE ‘TVNOTIOMELC~TVUREVI S1-X 
; ti-A STavL 


Revised Br Aerodynamic Characteristics of 4-15 Researca Airplene, North 
America, Aviation, Inc. Report No. NA-59-1203, August 1959. 


See Fate . 
- ad X-15 DATA SOURCES 


Osborne, Robert S., Stability and Control Characteristics of a 0.0667-Sce_e 


Model of the Final Version of the North American X-?5 xesearch lane 
(Configuration 3) at Transonic Speeds, NASA IM X-750, April 1963. 


Franklin, Arthur E. and Robert M. Lust, Inves*igetion of the Aerod:namic 
Characteristics of a 0.067-Scale Model of the X~15 Airplane (Configura- 
tion 3) at Mach Numbers of 2.29, 2.9 
November 1959. 


Penland, Jim A. and David E. Fetterman, Jr., Static Longitudinal, Directionel, 
and Lateral Stability and Control Data at a Mach Number of 6.63 of the 


Final Configuration cf the X-15 Research Airplane, NASA TM X-230, : 
April 1960. : 


Tunnell, Phillips J. and Eldon A. Latham, The Static and Dynamic-Rotary 
Stability Derivatives of a Model of the X-15 Research Airplane at Mach 
Numbers from 1.55 to 3.50, NASA Memo 12-23-S5A, January 1959. 
Hopkins, Sdward J., David =. Fettermen, Jr. and -dwin J. Saltzman, Comparison 
of Full-Scale Lift and Drag Characteristics of the X-15 Airplane With 
@ Wind-Turnel Results and Theory, NASA TM X-(135, March 1962. 
Walker, Harold J. anc Chester EH. Wolowicz, Theoretical Stability Derivatives 
for the X-15 Research lane at rsonic and Hypersonic Speeds ; 
Including a Comparison With Wind-Tunnel Results, NASA TM X-207, : 
August 1960. ; 


i 
Yancey, Roxanah B., Flight Measurements of Stability and Control Derivatives 
$ 
a 


of the X-15 Research £_rplane to a Mach Number of 6.02 and an Angle of 
Attack of 25%, NASA TN D-2532, November 1964. 


Saltzman, Edwin J. and Darwin J. Garrixer, Su of Full-Scale Lift and 
Dreg Characteristics of the X-15 Airplane, NASA TN D-3545, March 1966. 


Taylor, Lawrence W., Jr. and George B. Merrick, X-15 Airplane Stability 
Augnentation System, NASA TN D-1157, March 1962. 


q 
% 
i 
N 
Tremant, Robert A.-, rational riences sud Characteristics of the X-15 Pi eet 
Plight Control System, NASA TY D-1402, December 19¢2. -. 
§ 


—p a 


Frere Rye Par SURO Ere ERT er es mace 


Cie Ee ea das aad) 


SECTION VI 
HL-10 


HL~10 BACKGROUND 


The HL-10 is one of a number of lifting bedy research vehicles. The 
airplare is typically launched from a B-52 at 0.8 Mach and 45,000 feet. 
In numerous glide and powered flights the HL-10 has been flown in excess 
of 1.9 Mach and 90,000 feet. 


Following problems involving the loss of roll-control effectiveness, 
the leading edge of vuhe tip fins was modified. This became known as the 
Mod II configuration. The information contained here is for the Mod II 
BL-10. 


Pitch and roll control is obtained by elevons end yaw control by a 
conventional rudder. A subsonic or a transonic configuration is selected 
using combinations of speed brakes, elevon flaps, and tip fin flaps. These 
combinations are specified in Fig. VI-1. 


The stability eugmentation system consists of angular rate feedback loops 
about all three axes. 


The flight conditions shown correspond to actual flight test points. 
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TABLE VIi-1 


Power Approach Hon-Dimensional stability Derivatives 


h = sea level 
Vp, = 22h ft/sec = 132.5 kt 


G = 6.5° 
Longitudinal Lateral-Directional 
(Body Axis ) 
Cy = .TT Cy, = —-T2/red 
Cp = .095 Cn, = .137/rad 
B CL = 5.0/rad Cy = —.105/rad 
Cp. = -T5/rad Cy, = ~-37/red 
a SCO eee 8 Mag 
Cuz = 3 .0/rad Cy. = .1/rad 
Cag = ~8.0/rad Ch, = ~-16/rad 
Che, = .4k/rad Cog = —.0075/rad 
Cng, = ~-81/rad Cy = -Bh/rad 
%y ATS [red 
Cm = —.063/rad. 
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JETSTAR DATA SOURCES 


Myers, Russell H., Jr., and Cari S. Cross, Jetstar Flight Evaluation, 
Air Force Flight Test Center Rept No. FTC-TDR-6e-c4C-150, Feb. 1963 


Clark, Daniel C., and John Kroll, General Purpose Airborne Simulator — 
Conceptual Design Repczt, NASA CR-544, Aug. 196c¢ 


Flight Manual, USAF Series C-)40A, C-1468, and VC-140B ‘ircrart 


pied ER Ranta Pasta Ra ete a rn EE, J 
T. O. 10=1404A~1 


Jetstar Handbook of Operatirg and Maintenar.ce Instructions for USAF 


Models C-140A and VC-15CB Aircrat, T. 0. 1C-140A-2 
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CONVAIR 880M BACKGROUND 


Tne Convair 320M is a medium-size four engine jet transport. Lengi- 
tudinal and directional control consists of servo tab deflected elevators 


ang rudder. Lateral control consists of servo tac deflected ailerons rlus 
is 


Elevator, aileron, and rudder transfer functions are in terms of 
nae resrective primary surface deflections with tab losses included. Althoug= 
he control system diagram shows a lag in the spoiler actuator, none was 


t 
used in computing transfer functions. 
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Figure VIII-3. CV-S80M Control System 
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TABLE VIII-1 


cv-880M 


Lengitudinal Non-Dimenaional Stability Derivatives 


Flight Condition 1 2 3 4 5 5 7 
Configuraticn L PE 
Speed 134 KTAS 165 KTAS .&M SEM -TM SM BEM 
Altitude SL SL 23K 23K 35K 55% 75K 
XQ, (De:) 5.6 LZ 5.3 2.8 @.3 4.7 ~.0 
Cr 1.03 0.38 O75 O.17> GsAss 0.347 0.201 
Cp o.1s- 0.080 0.022 0.019 0.02 0.024 5.025 
CL (1 /rad) 4.66 4.52 L 28 & we] 4 02 4.0 ~.9 
CD. (1/rad) 0.43 0.27 0.14 0.07 0.18 9.15 9.13 
Cr (1/rad) 0.381 0.903 0.522. -0.572 «0.568 0.65 ~C.74 
ore (1/rad) 2at 2.7 2 ok 25 2545 2213 2.9 
Cie (1 /rad) 7.32 7-72 6.76 6.37 7.53 Tae Tate 
Cos (1 /rad) katy bl 4.16 4, 66 4 i 1.5 =..6 
C, (1/rad) “12.2 12.1 S15 S18 = ete 2. mts 

9 
Cy. (1/+rad) 0.22 0.2153 0.195 0.147 0.203 460-9. 190 9.1 E0 
Cn. (1/rad) 0.657 0.6357 0.986 0.438 0.618 0.57 “4.52 

e = o 
Che (1/rad) 0.326 0.323 0.336 0.278 «=-0.542 0.31 -0.2ES 

e 
Cy. (1/rad) 0.055 0.0522 0.0582 0.0352 0.0508 0.047 9.050 
Cue. (1/rad) 0.164 0.159 0.546 0.10 0.6195 OK 014 
Che, (1/rad) 0.287 0.285 0.297 0.343 0.312 0.335 9.352 

e 
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Lateral-Directional Non-Dimensional Derivatives 
(Stability Axis Systex) 


Flight Conditicn ot 2 2 ad 2 6 T 
Cenc curation L PA 

Speed ~ KTAS 1€5 KTAS .€M Rate TU oo Pol od 

Aizitude EL SL 23K 23K 35K bs 25K 
Cy. (1 /rad) “1.015 0.677 0.768 -0.615 -0.20T 0.2525 —2.8-2 
C,. (1/rad) 0.239 gots 0.163 O.145 0.181 TT CLT 
Ce, (1/rad) 0.345 0.139 0.128 «= 0.122 0.129. 0.129 0.932 


ce (1/rad) 
Coe, (1/red) 
Ch. (1/rad) 
Cr. (1/rada) 


Cy, _ (1/raa) 
er (1/rad) 

s, (1/rad) 
Che 5 (1/rad) 


Cys (1/rad) 
Cert (1/rad) 
Cone (1/rad) 
Chee (1/rad) 


_ ee 
* (1/rad) 
is (1/rad) 


Cpe, (1/0) 
Cy, (1/red) 
Cox (1/rad) 
Cox. (1/rad) 


C75, (1/rad) 
Cee, (1/rad) 
Coy, (1/rad) 
Cha. (1/raa) 


0.395 0.39 0.329 0.253 0.341 0.312 5.20 
C.F D.0K9 -O.0173. 0.0037 0.023 0.011 -0..005~ 
0.3 0.198 0.156 0.668 0.180 0.153 0.146 


0.218 -0.185 0.163 0.189 0.166 -0.165 0.165 


is} oO 0.0019 0.07~5 0.0044 0.00775 0.00915 
0.0187 0.0385 0.0166 -0.0452 -0.0479 -0.0497 0.0479 

0.01862 0.0172 0.00746 0.01061 0.007 0.CCEuS 0.00975 
0.407 0.481 0.236 0.258 -0.2233 2.2005 0.258 


0 i) 0 0 Oo 0 0 
0.0072 ~0.0056 0.0068 -0.0068 -0.0071 -0.0075 ~?.007i 
9 te) o 0 0 0 e) 


0.249 0.227 0.215 0.2125 -0.226 0.235 0.213 


0.078 -0.0335 -0.0189 -0.0175 -0.0189 -0.0189 -0.0175 
0.0805 0.0405 0.029 0.0281 0.0324 0.0329 0.0339 
0.0258 0.0129 0.01146 0.0109 0.00975 0.01004 C.00717 


0.223 «G.21550.190k 90.1394 «0.199 0.188 (0.1685 
0.0207 0.0226 0.0176 0.0183 0.0165 0.0187 0.019% 
“0.9995 -0.0958 -0.08%5 -0.055h -0.0B48 -0.0756 0.064 
~0.21h0 0.2125 -0-1626 -0-184k -0.1345 -0.1891 -0.1926 


0.0493 0.0467 0.0574 0.0215. 0.0408 0.0355 6.0516 

0.0021 0.0027 0.0016 0.0018 0.001% 0.0019 0.0020 

0.020 0.019 0.015 0.0077 -0.016 0.0134 -0.011 

“0.255 0.253 0.267 0.25 0.27 0.267 -0.265 
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BOEING 747 BACKGROUND 


The Boeing 7-7 is a very large four-farjet intercontinental transport 
designed to operate from existing internaticnal airports. To obtain the 
necessary low speed characteristics the wing has triple-slotted trailing 
flaps and Krueger svpe leading edge flaps. The Krueger flars outtcoard of 
the inboard nacelie are variable cambered end slotted while the inbdcard 
Krueger flaps are standarc unsictted. Longitudinal control is obtained 
through four elevatcr segments and a movable stabilizer. The lateral con- 


trol employs five srciler panels, an inboard aileron between the inboard 


and outooard flans, and arn <.ttcard aileron which operates with flaps down 
only on eath wing. The five sroiler panels on each wing also operate 


oa ei eT Yee a esa k team Ef aw fee nS os opt et, - 4 tye 
syemetricail: as speecdoranes in eenjunction with the mest inboard sixth 


{ svoiler el, Directional contrcei is obtained from two rudder sesnents. 
t BS & 


4 2 > 2 + * Ps « 
@ Information for this aircraft was obtained solely from a “47 simulator 


description (Boeing DEé-3%0€43). 
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PITCH AXIS 


4 Fee (tb) 


-——= 20,001 
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Figure X-3- C-*4 Control System 
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Figure IX-k. B-747 SAS 


Landing Configuration Non-Dimensional Derivatives 


h = see level 


VPg = 131 KTAS 
< Px) 
: G = 8.5 
Ss = -6. oh 
Longitudinal teral-Directional 


® ch = 1-76 Cy, = ~1-08/rad 


Cp = .263 Cha = ~.281/rad 
Cle = 5-67/rad Cng = .194/rad 
Cbg = 1.135/red Clp = —~.502/rad 
(mg = 71 o45/rad Cnp = ~.222/rad 
Cr, = —6-7/rad Cer = .195/rad 
h Cmg = —3-3/rad Cnr = ~.36/rad 
: Clq = 5e 65/rad Cégg = »0530/rad id 
‘ i Cg = 721 oh /rad Cop, = -0083/rad 
£ Gay =! BE Cpr = 0 
Clg. = -356/rad Cog, = ~-112/rad Hoa 
as Cngq = ~t-4O/rad : 
@ = 
Bo Eq = total deflection of right inboard aileron plus left 
pos ; anponns et icrer with the effect of outboard ailerons | 5 


TABLE IX-2 


Bo747 


eee 


Power Approach Configuration 
Non-Dimensioral Derivatives 


h 


sea level 


‘to = 165 KTAS 


Gov = eT 
Ss = -2.1° 
Longitudinal Lateral-Directional 
® 
Cy = 1.11 Cy, = —.96/rad 
Cp = .102 Cy, = ~.221/rad 
CL. = 5.70/rad Cng = .150/rad 
Cp, = .66/rad Chp = ~.45/rad 
Cn, = —1-26/rad Ch, = —.121/rad 
CLs = -6.7/rad Cary = -101/rad 
= —3.2/rad Cop = —-30/rad 
Chay = 5.4/rad Choa = -0461 /rad . 
Cag = ~£0.8/rad Cog, = -006+/rad 
. Clg = —-81 Cys. = -175/rad 
‘ Cm, = -27 Cig = -007/rad 
Clg. = .338/rad Cng, = —.109/red 
Cag, = —1-d4/rad 
6 ; ; 8, = total deflection of right inboard aileron plus left 
_ inboard aileron with the effect of outboard ailerons 
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* Because spoilers operate 
around a dead band their 
effect is neglecter! here 

*3q is the total differential 

se deflection of right and 
am left inboard ailerons 
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Hanke, C. Rodney and Donald R. Nordwall, The Simulation of a Large Jet 
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SECTION X 


C-5A 


C-5A BACKGROUND 


Tre C-SA is a very large milivary lcgistics transvert powered by four 
turcofen engines. Lonitudinal centrol consists ol elevators in four 
sections with an all-movable stabilizer for trim, roll control employs 
ailerons and svoilers, and yaw control a corventional rudder. All control 


surfaces are irreversivle. 
toes A btobweight is used in the lengitudinal veel system. The effective 
botweignt position is assumed to be at the pilot. 

The C-5A employs stability augmentation -t.ut all axes. A description 


SL ate of the SAS is not included here. 
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TABLE X-1 
S 
. Co5A 
: Power Approach Non-Dimensional Derivatives 
“ h = sea level 
: Vt, = 2u7 ft/sec = 146 kt 
; 5 G = 2.7 
Longitudinal Lateral-Directional 


(Stability Axis) 


CTE Rea 


Cy = 1.29 Cy, = —.T1/rad 

Y Cy = -1h5 Cn = -07S/rad 

so 6.08/rad Cy, = —.123/rad 

Cp. = -622/rad Cy, = —.458/rad 

Cn = —.827/rad Ch, = ~—,098/rad 

: Cue = -8.3/rad Cy. = -290/rad 

= mg = —23.2/rad Cn. = —.293/rad 
: Cig, = -285/rad Cy, = —-O0li/rad eee 
: Cng, = ~1-6/rad Cog, = -0091/rad Beret 

. Cie, = .089/rad. 

ay Cy = -211/rad. 


Cng = —-106/rad 
Cz. = -0209/rad 
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XB-7CA BACKGROUND 


T:.2 XB-70A was originally designed as a weapons systems with long ranse2 
supersonic cruise capabilities. The two aircrart csuilt became research air- 


craft to explore SST-related protlems. 


The two XB-70QA's were identical except that the first airplane (XB-70A-1) 
had zero geometric dihedral while the second i.ad = deg geometric dihedral. 


The first airplane is considered “ere. 


Pitch control employs interconnected elevon and canard surfaces except 
in takeoff and landing where the canard is locked and a fixed canard flep 
is used. Roll control is obtained through differertial action of the elevens. 
Yaw control is provided by rotation of the vertical stabilizers about 4 


45 deg hinge line. 
Thc airplane is equipped with stability auzmentation in all axes. 


Data shown here is a composite of many sources. The object was to use 
flight test data where possible. 
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XB-70A 
PITCH AXIS : 
eo Segag (rad) 


j ) & rad) 
— 


lis O75 


{ Effective L 
:Bobweight FS : 


1C.p/gi 18522 = 1-2189ft 
&(rud) lS.p/gi 14732 


Config | 3 


| mm 20,0008 
—-— 90,0001" 7 
40 , 
«{ 2} L ans: ate 60,0001t Pe aed 
Rt em B0,0GC8 | a 


ALS 
~~ 


ROLL. AXIS Sasag(rad) 


F tet in/tb) 


YAW AXIS 


Fee piib) 8,(rad} 


Pigure Xi-i. XB-7OA ae Systea 
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XB-70A 


PITCH SAS 


6(rad/sec) —— 


a; (ft/sec*) Seca, (rad) 


34.8ft Clean 


az ot Sr =) se aepa 


Normal Accelerometer at FS. 1174 


Sec (in) 
ROLL SAS 
p(raa/sec) -5 Sacag(Fad) 
YAW _SAS 
r(red/sec) Breas (rad) 
Figure XI-k. XB-7OA SAS 
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TABLE XI-} 
Power Approach ‘londimensional Stability Derivatives 
nh = sea level 
Vp, = 37 ft/sec = 208 kt 
Co = ras deg 
Longitudinal Lateral-Directional 
: (Body Axis) 
a 
; Cy = -333 Cy. = —.103/rad 
TS EY Cn, = + TEt/rac 
Ce S22 6/rad Cee = —.072/rad 
Cp, = +*56/rad Cy, = —-18/rad 
=> = 2 = —, Gq 
Co, = —-23/red Cz, 26/rad 
Ca, = +-05/rad Cz, = —-O3/red 
mg = =! 5/rad Cn, = ered 
nto fe Cle, = 46/rad Cys, = ~-063/rad 
Cs = —.19/rad Cie, = -O42/rad 
7 Cog, = —.0052/rad 
>. oe Cys = .12/rad 
on Cyg, = ~-0018/rad 


—.103/rad 
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XB-70A DATA SOURCT'S 


Estimated Aerodynamic Derivatives, XB-70, North American Rept. 


No. NA-091-707, 29 June 1962 


Aerodynamic Coefficients Obtained from Flight Test Data, XB-70, 


North American Rept. No. I=D-6]/-277, 14 Apr. 1967 


Wolowicz, Chester H., et al, Preliminary Flight Evaluation of the 
Stability and Control Derivatives and Dynamic Characteristics 
or the Unatgnented XB~75-1 Airplane Tncluding Comparisons with 


Predictions, NASA TND~4570, May 1960 


bstimated Performance Report for the XB-70A Air Vehicle No. 1, 
No American Rept. No. NA-64-600, 26 Oct. 19 


XB-70 Flight Control System Summary Test Report, North American 
Rept. « NA- A - 4 


AFPENDIX A 


AXTS SYSTEMS, SYMBOLS, COMPUTER 
MNEMONICS, AND DERIVATIVE DEFINITIONS 


1. AXIS SYSTEMS 


a inertial Ref. 


Zs iW,r 


Y 
q 


Xp, Xp, 23 — The Body~Axis System consists of right-handed, orthogonal 
axes whose origi iis fixed at the nominal sircreft center 
of gravity. It's orientation remains fixed with respect 
to the aircraft, the Xp and Zp axes being in the plane of 
symmetry. The exact alignment of Xp axis is arbitrary, herein 
it is takea along th” »ody centerline reference. 


%3, ¥gy» 2g —- The Stabdil.ty-nxds System is that particular body-axis 
system for -:1122 the “s-axis is coincident with the 
projection of the t-tal steady-state velocity vector (¥p_) 
on the aircraft's plane >? symmetry. It's orientation 
remains fixed with respect tu *he aircraft. 
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2. SYMB0LS 

e Speed of sound in air 

ay Lateral acceleration along the y~vody axis 

at the center of gravity (positive out right. 

wing) 

an Lateral acceleratior parallel to the y-body 

' axis at a distance fy and #z from the c.g., 
ay = ay + byl ~ LP 

as Normal acceleration parallel to the z-body 
axis at a distance £, from the c.g.,° 
az = &2,— 9 

ab Normal acceleration parallel to the z-body 
axis at a distance fp from the c.g. 

r Reference wing span 

”- Mant. ent ans vata 

B.L. Buttock line 

c Reference chord 

Cc tongitudinal feel system damping 

c.m. Center of gravity 

D Aerodynamic force (drag) along the total 
velocity vector (positive aft) 

FRL Fuselage reference line (parellel to x-body 
axis) 

F.S. Fuselage station 
Longitudinal control column force (+ aft) 

For Longitudinal stick force (+ aft) 

Lateral stick force (+ right) 

Foea Rudder pedal force (+ right) 

g Acceleration due vo gravity 

G Pilot control to surface gearing 


A-2 


ft/sec 


ft/sec? 


ft/sec” 


ft/sec@ 


Jo/g 


ft 


1b/in, /sec 


1b 


lb 


1b 
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Sa ook 
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an * 
ane 
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" « 
toe 
: : 
te 
pw 


h 


ne 


Ix, Ty, I, 


Altitude 
Longitudinal feel system inertia 


Moments of inertia referred to body axia 
(unless othervise specified) 


Product of inertia referred to body axig 
(unless otherwise specified) 


Tre imaginary portion of the compiex vari« 
able s = 3 t jo 


Effective distance of bobweight from c.g. 
(positive forward) 


Distance along the x-body axis from the 
c.g. (positive forward) 


Fer pepdacul ar distance fron c.g. to thrust 


sa Bam enepenm nitehing noment 


Distance along the z-body axis from the 
c.g. (positive down) 


Longitudinal feel system spring constant 
Knots true airspeed 
Knots calibrated airspeed 


Feel system spring constant per unit dynemic 
pressure 


Rolling moment about the x-axis due to aero- 
dymanic torques (positive right wing down) 


Aerodynamic force (lift) perpendicular to 
the total velocity vector in the aircraft's 
plane of symmetry (positive up) 

Mass 


Mach number 


Pitching moment about the y-axis due to 
aerodynamic torques (positive nose up) 


Mean serodynemic chord 


Mean geometric chord 
A-3 


ry 


Le /ta. faac® 
aluge rt? 
alug-ft2 
rad/sec 


ft 


ft 


lb/in. 


(lo/in.)/pst 


ft-lb 


1b 


slugs 


~ Semen oa aba 


a | 


N Aerodynamic normal force along the z~body 
axis, but positive up 1b i 
{ 
he N Yawirg moment about z-axis due to aerodynamic 
S. x torques ‘positive nose right) ft-lb 
| 5) Roll rate, angular velocity about x-axis 
(positive right wing down) rad/sec 
a - q Pitch rate, angular velocity about y-axis 
ee oes (positive nose up) rad/sec 
qa Dynamic pressure, 1/2 0 "gn lb/ft? 
r Yaw rate, angular velocity about z-axis 
(positive nose right) rad/sec 
Tro Yaw rate gyro signal rad/sec 
8 Laplace operator, o + jw rad/sec 
: Tofirince vrins .rea ft? 
TEr Trailing edge down | 
TEU Trailing edge up 
TL Thrust line | 
u Linear perturbed velocity along the x-axis 
(positive forward) ft/sec 
Uo Linear steady-state velocity along the 
x-axis (positive forward) ft/sec 
v Linear perturbed velocity along the y-axis 
(positive out right wing) ft/sec 
Vs Stall speed 
zy Total linear steady-state velocity (positive 
forward ) kt 
w Linear perturbed velocity along the x-axis 
(positive down) 
W.L. Water line in, 
W Weight 1b 
Wo Linear steady-state velocity along the 
z-axis (positive down ) ft/sec 
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Pes rong Ey 


SS 


eS Oa 


re 
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, ayy 


Vike Seems 


a 5 


Aerodynamic fo.ce along the x-axis (positive 
forward ) 


Aerodynamic force along y-axis (positive 
out right wing) 


Aerodynamic force along z-axis (positive 
down) 


Perturbed angle of attack 


Steady-state (trim) angle of attack 
relative to the FRL 


Sideslip angle 
Steady-state flight path angle 


Aileron controi surface deflection (includes 
spoiler effects, etc.) (positive for posi- 
tive rolling manent) 


ee , DB... tae ae 2 ‘ 
Seietgte ave sas tasMapnttan Om, oni 
ioe Sees Men = Se eee OMe, me Nb. cok ek 


(positive icr ncse-dewn pitching xewent 
for aft surface) 


Trim elevator deflection 


Longitudinal control column deflection 
from trim (positive aft) 


Longitudinal stick deflection from trim 
(positive aft) 


Lateral stick deflection from trin (posi- 
tive right) 


Rudder pedal deflection fram trim (posi- 
tive right pedal forward) 


Lateral wheel deflection fran trim (posi- 
tive about x-axis) 


Stabilizer surface deflection from trim 
(positive for TED) 


Spoiler surface deflection (positive up) 


Vertical tail deflection from trim (posi- 
tive for nose-left yawing moment) 


Rudder deflection [positive for nose-left 
yewing moment (negative 4)] 
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Lb 


1b 


deg 


deg 


ray Denominator of airframe transfer function 

€ Angle between principle inertia axis and FRL 
(positive about y-axis) 

oi Damping ratio of linear second-order mode 
particularized by tke subscript 

8 Pitch angle, fq dt for straight and level 
flight, positive nose up 

Lergy Inclination of thrust line with FRL [posi- 
tive gives negative (-) z force} 

p Mass density of air 

a The real portion of the complex variahle 
sz=otWw 

9 Roll angle, ‘cos e,fp dt~sin or dt) in 
straight and level flight (nositive right 
wing down) 

Oy Undemped natural frequency of a second-order 
mode, particularized by subscript 

Special Subscript 

a Aileron 

ec Control column 

d Dutch roll 

e Elevator 

G Gyro 

rs Inertial navigation systen 

p Phugoid 

r Rudder 

R Roll subsidence 

8 Spiral 

SAS Stability angnentation systen 

sp Short period — 

st Stick 
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deg 


ene ee 


al seri 
DIR Directional control system (e.g., rudder pedal ) 
LAT Tateral control system 
Symbo2s Unique to Specific Aircraft 
ARI Aileron-rudder interconnect (F-4) 
BLC Boundary layer control (F-10l, F-4) 
DIR. Rudder flexure coefficient (F-4) 
Ppp Bellows force parameter (F-4) ft= 
ap Bellows pressure (F-4) 1b/fe? 
84 Yaw damper surface deflection (F-104) 
(positive for nose-left yawing moment) rad 
Bt Aileron tab deflection (CV-880M) rad 
Sta, Commanded aileron tab deflection (CV-880M} rad 
Ste Elevator tab deflection (CV-880M) rad 
(Bte — See Commanded elevator-elevator servo tab 
combination (input linkage) (CV-880M) rad 
dt. Rudder tab deflection (CV-880M) : rad 
(Str — Sr), Commanded rudder-rudder servo tab 
combination (input linkage )(CV-880M) rad 
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3. COMPUTER PRINTOUT MHEMONICS 


a. DIMENSIONAL, MASS, AND FLIGHT CONDITION PARAMETERS 


COMPUTER PRINT OUT STANDARD NOTATION, DEFINITION 

s S, wing reference area 

B b, wing span 

Cc ¢, mean geometric chord 

F/Ce Flight Condition number 

H(FT) h, altitude, reet 

sL Sea Level 

M(—) M, Mach number 

VTO( FPS) Vp,, true airspeed, knots 

VTO( KTAS ) Va,» true airspeed knots 

VI0(KTCS) Ve,, calibrated airspeed, knots 
W(LBS ) W, weight, pounds 

C.G.(MGC) Ce, on ee to 
x Ix 

IY iy Body axis (FRL) moments of 
IZ Iz inertia, elugs-ft2 
XZ Ix 

EPSILON(DEG) “t reepect to FEL, egress 
Q( PSF) a, dynamic pressure, psf 

Qc( PSF) Gc» impact pressure, psf 
ALPHA(DEG) Gy» FRL angle of attack, degrees 
GAMMA (DEG) 7o» flight path angle, degrees 
IXP(FT) fy, X distance to pilot, ft 
IZP(FT) bz2 2 distance to pilot, ft 
ITH(DEG) | Len» Ma, dares with respect 
XI( DEG) fo: ity + Sp» degrees 

LrH( Fr) Sth» perpendicular distance to 


thrust line from c.g., ft 
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ene ne ae et 2 ce 


aot. * os 
Be : Ve : 
q 
; 
a 
b. LONGITUDINAI. PARAMETERS 2 
COMPUTER PRINT OUT STANDARD NOTATION, DEFLNITION { 
xue Xu 1/sec { 
zu* Ze ‘1 fsec 3 
Mu* Mm 1/sec-ft { 
XW Xw 1/sec ; 
a Zw 1/see 
Mi My 1/sec-f% es 
ZWD By 1/sec® 
ZQ Zq 1/sec 
MWD M, 1/sec-ft 
MQ Mg 1/sec 
tXxDDD Xs ft/sec@-rad | ; 
ZDDD Zs ft/sec*-rad y 
MDDD Ms 1/sec® 
DTH Stn ‘Thrust 
FST Fet Stick force ty 
v u fps 
W w fps 
THE 6 red ‘ 
ED h fps 
AZP az tt/sec* at x= ty 


fe, fee 
ies 
bin) 
q 


a 353: 
sats) 


f We 
aN Sos 


tk 
$ 


tDDD signifies a control surface, e.g., for elevator DDD = DE; for aileron 
DDD = DA OS SE eee ee ga Sate Outi Oe 
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c. LATERAL-DIRECTIONAL PAEAMETERS 


COMPUTER PRINT OUT STANDARD WOTATION, DEFINITION 
Yv Yy 1/sec 
¥B ¥p #t/sec® 
LB Ip 1/sec® 
NB! Np 1/sec® 
LP" I i/sec 
NP Np 1/sec —- 
LR’ Ly 1/sec 
NR Ny. 1/sec 
ty*DDD Ye, 1/sec 
L'DDD Ig  —_1/sec* 
N'DDD Ng, 1/sec® 
me B p red 
ae P P rad/sec 
Be i R r rad/sec 
@ : | PHI 9 rad : nae 
AYP ay ft/sec” at fy, bz i zi 
Ld 
Lo 
t 
H 
4 


DDD = DA. 2 8 : i 
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d. TRANSFER FUNCTION PARAMETERS 


The following shorthand notation is used to print the factored 
polynomials for all transfer functions”: 


(s + 1/Tx)4 = V/Tx- 
(s2 + 2tw s + we) 5 = $53%a, 
where k + 2 = n, the order of the 


COMPUTER PRINT OUT STANDARD NOTATION, DEFINITION 


DET Roots of the denominator 
N(X/Y) Numerator NY 
AX) Gain of the transfer function x/y 


4 /E(X)I 1/Tx,, rad/sec 
t2(X)J b5 
tw(X)J 4, rad/sec 


For example: DENCH NATOR 
L/TCOET SL 20318 
L/T(OETI2 2.2¢ 
Z(CET)1 2069 
w(DET?1 4.13 


NUMERATCRS 
NCS /OR ) 

ACB 3 00265 
wsT(B O31 20454 
L/T(B 32 2.05 
1/T(B 93 42.3 


toe. cE 3 -0295(s — .O49h)(s + 2. 8 + h2, 
Translates tor 5 = (e+ .0318)(a + 2.20)(82 + 2x 0609 REE 1.13482) 
"The transfer function x/y is written as: 


Ate + a 8°) 


xfy = A (s0 + eO-) +... 50) . 


tAny roots enclosed in parentheses imply the opposite order of what is 
specified, e.g., Z(DET)1 = (0.00132) =>1/f(DET)1 = 0.001352 
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COMPUTER _PRINT OU’ 


D(G)/o(0) (Dea/Er) 


WA (0/RAD) 


pE/o (Den/c) 


CAP (RAD/aBC/SEC/G) 


PHILA LD( 2) 


(rucx(2)) 


1/0(4/10) 


yor/er (1am) 


Por/G (1/6) 


a. LONGTTUDDUL HANDLIWO QUALITY PARAMETERS 


STAMARD ROTATION, DEFICTTION 


d7/Ru, degrees /enot 


La g/rea 


B_/e, dagrees/g 


Control anticipatioa 
pareneter, rad/eec?/¢ 


fhe phugoid tine to 
double amplitude, seconds 


Short period inverse cycles 
to 1/10 emplitude 


Stick force per knot, 
pounds /knot 


Stick force per g, pounds 
rere 


‘The pareneter has no mcaning 


or is rot defined at this flight 


condition 


*whe hat (ii) notation implies constant speed (u = @ = 0). 


Y¥o 


i eA.) 


in 2 


Tey, 1? Sm <° 


on $ 
WioYTat,, os Sen < 


1.689 xo for s = 0 


1 
| 
——— for a20 
e& A 


{ 
A: 
a 
on 


a2. Bp (8) +2 Hg( 8) 
oe 


ae? SD 
5 = 

wpe 

: ro — 
eco. 

3 - ee 


COMPUTER PRINT OUT 
DR PERIOD (SEC) 


1fe(1/2) 


SPIRAL (2) (SEC) 


R(T) 


P{0SC)/P(AV) 


w( FHI) /(D) 


DEL-B-MAX 


FHI to BETA, PHASE 


PHI TO BETA 


PHI TO VE 


“ve bal (B)(Vgas), Yeas * 


f. LATERAL-DIRECTIONAL HANDLING GALITY PARAMETERS 


STARDARD NOTATION, DEFINITICN 


Dutch rel) jeriod, seconds 


Dutch roll inverse cycles 
to 1/2 amplitude 


Spiral time to dovble 
emplitude, seconds 


Roll rate at peax I for a unit 
step input of 5, 


A weasure of the oscillatory 
to the average roll rate 


Ratio cf the roll frequency to 
the dutch roll frequency 


46, > Maxima sideslip excur- 
sion at the c.g., Oc 

within two secouds or one half- 
period of the dutch roll, which- 
ever is greater for a step 
aileron-control command 


$o/p at 8 = (6; m)y, degrees 


Jefe] ats = (£3 oy)y, rad/rad 


"p/ve] st 2 = (65 aug, dea/fre 


A 


Po 
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EQUATION 


2n/on, V1 - re 


= y=. fo: 20 
In 2 1-2’ res2 


Te ln 2, for v/fe < 0 


Py + Ps ~ 


P, * Ps * 2” 


Py ~ Po 
Pp, * Pe 


Sag/Mng 


for 4 20-2 


» for €, > 0.2 


Cy = aig » positive up 

Cy = ~ aig » positive att 

Cy, = ox/ea OM = asc 
" id 

Cp <a Bol Cy, = Cy/ea 


fe ee, ge an spe a rere ee re 


e 
1 
= 
uw 
2 
3 
if 
& 
Y 


b) Longitudinal Stability Axis 


Oe tt emi ae 


qT hg ¥ 
cy = ae tae 


Cp = Ta» Positive aft Pee 


= x /e 


eNTo Pitching moment 
=e 


vatives sare 
= Xz /oM deri 


Chg 

Che 

5 identical to H 
Ct, = ocz/e e . 
Cy 

Cry 

CDs, 


2 Wy/or those for body axis 
= p/m 


ce) Lateral Body and Stability Axa 


Though physically and numerically different,* see Appendix B, the 
same symbols are used for body axis and stability axis lateral rolling 
and yawing moment derivatives. The sideforce derivatives icy, etc.) ar 
physically and numericaiiy the same in both axis systems. When the 
rolling or yawing moment derivatives are given in this report the axis 
system is specified. When using the following all quantities should be 
for the same axis system. 


Y= 1 f= aS 

Cy, = fH = Cg = 01/08 Cag = Sy/08 

SO 
a 
Cy = 20/20 Cog + 2y/8 


®®he exception is the zero trim angle of attack condition. 
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DIMENSIONAL STABILITY DERIVATIVE DEFINITIC 3 


The same symbo.s are used for boiy- and stability-axis dimensional 
derivatives. Care should be exercised so txst & consistent set of 


quantities are used. 


a) Longitudinal Body Axis 


% = Xa + Tu cosb, 1/sec 
Ww \ 
m= SOL Bom ox + as a) us 
Uy W, : 
ky = ste (oy, - 2 2 (ex= Sond| 1/sec 
Sv, ft 
Be © an Ke sec*rad 
2 = Zu - Tu sink, tfaec 
osu, 
Zu = <2 (- 5 ony = oR 2 on) 1/sec 
psu, W 
Zy = 280 | on, - 2 HE (n+ ¥ oH) 1/sec 
pSe Up 
Zw s o-T"?D 2 
ae Cae 
pSvq, tt 
Ze = ~~ “Me PT 
m= tT mer 
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sec-ft 


1 
sec~ft 


1/sec® 


1/sec 


1/sec 


1/eec* 


1/sec 


bp) lIateral Body Axis 


Yy 
1p 
Yea 
Yer 
Yer 
Ly 


(pS¥p,/2m) Cy, 
Vary 

(StH /2m)C yy 
( pSV, / 2m }Cyp, 
(pS¥q,/2m)Cyy, 
(pv b/21x)Ci, 


(pS¥e bP /AEx)Cy, 
(sve pF/aIz)Cy, 


ls, 7 (pSV b/2Tx Ig | 1/sec™ 

oe te, = (pSVG,b/2Tx)C1g,. 1/sec® 
: : ‘4 ig = (0S¥r,/22)C yg, 1/sec 
- = a : Ny = (¢S¥q,b°/4I,)en, 1/sec 
: N, = (pS¥e Pe/*1e)Cn, \/sec 
Ne, = (pS¥5,p/2I2)ng 1/sec? 

Ng = (pS¥q,b/2T2)Cng,. 1/sec® 

ly = (Lg + Tx2Np/Tx)6 1/sec* 

: ly = (pt Lye¥p/T,)6 1/sec 

LE = (Iy+ TygNy/Tx)G 1/sec 

e | te, = (Ie, + T,2N6,/Tx)6 1/secé 
te, = (le, + TaMe,/TIG face 

Ng = (Np + Iyzip/Iz)¢ 1/sec* 

Hy = (Np + Ixzbp/Iz)6 1/sec 

RLo= (Np + Tyzly/1z)6 1/sec 
Net = (Ne, + Loie/Ia)é 1/sec* 
Ne, = (Ng. + T216,/12)6 1/sec™ 

1 
¢= > 
or cee 
Ixlz 
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On,ate 749 +%Q 902 Op ate(4a5 +719) ~ %p,009 {> » (tp) 
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b. TRANSFCRMATION OF DIMENSIONAL DERIVATIVES 
FROM STABILITY AXIS TO BCDY AXIS 


2 ‘ 
SON me Cee et ee etre oe 


Longitudinal 
(Xu), = Xu cos® ag ~ (Xy + Zy) sin ag cos ag + Zy sin? a 
ere 4 ; 2 
“| (Xa), = 2y sin ag 
anf (Xwp = Xw cos ag + (Xy ~ Zy) sin ag cos ag ~ Zy sin® ag 
: “4 (Xe), = Xe cos ag — Zy sin ag cos ag 
vac 
: ‘4 (Xgs8)p = Xq;§ COS Og ~ Zg;5 sin ao 
ae 
: ; i (2y)p = ay cos dg ~ (Zy —Xy) sin ag cos do ~ Xy sin® ao 


(24), = Zw sin ap cos ap 
e : (2Zw)p = Zw cos? ag + (Zy +¥y) sin ag cos ao + Xy sin? ap 
; (Zi), = Ty COS" ag + Xy Sin ag COS ag 
(2q38)» = 2%q35 C08 Gp + Xq36 Sin dp 
(Mu), = My COS Go — My sin ao 
(Ma), = ~My sin ap 
(My), = My cos ap +M, sin ay 
(Ma), = Mw cos ao 
(Masa), = Mass 
(y= 
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LCL A A LI CIO A ACCES Lt tec IIs os» welt atest winedn, cettea ihn ‘entice waa soni fe gt Ss a es 


. 
we ee ee ee 


(i358 )p 
> | . (Ne) 
: (1), 
(Nr)p 
(Ix)p 
(Ia)p 


(Lez bp 


Lateral-Directional 


Yp cos dg — Yr sin do 

Y, COS dy + ¥p sin a 

Ly38 COS do — Ny;g Sip do 

% 

Ly cos Qo — Ny sin dg 

Lp cos’ ag ~ (Ir + Np) sin do cos ao + Np sin@ ag 

It cos? ag ~ (Nr — Ip) sin ao cos do — Np sin® ao 

Ny;8 COS co + Ly; sin ao 

Ns vos dy + Ly sin dy 

Np cos? ao — (NE — Lp) sin ao cos ao — Ir sin® og 
. 2 t ' 2 t 2 

Ny cos® G + (Le + Np) sin ao cos do + Ip sin< ag 
Ix CoS? do + 2Ixz sin do cos do + Ty sin? a9 

Iz cos” dp — 2lxz Sin dg COS Ap + Ix sin® ag 


(Iz — Ix) sin do cos dg + Ixz (cos? ag ~ sin® ag) 
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APPENDIX ¢ 


: ee a nas 


+ viSAe ¥ : rs s fo NS ster . 
fsck sg ewdbe area tind co nemant bat ‘otaeatton tab ras: CAFE TPT EARS IRA. 


EQUATIONS OF MOTION, TRANSFER FUNCTIONS, 
AND COUPLING NUMERATORS 


1. Longitudinal 


a. Equations 


(1-X4)s—Xq —XKys—Xy (Kq+Wo)s +g cos Go u 6, 
248-20 (1-Zy)s—Zw (Zq-Up)s+g sin 8 w = | Zs, 
‘ : 2 
Mys — My (Mis + My) s°—~Ms 8 MBe 
y= 1:) 


fh = -w cos 6, +u sin @, + (Uy cos 69 + Wy Sin 04)6 


e 
t 


2 = sw—Uoq + (¢ sin 8,)8 
a, = ag— 1,878 
® ay h' = h + fy cos @ 6 


>. Trarsfer Functions 


8 
o _ Me 
Be B 


1) Denominator, A = As" + Bs? +Cs°+Ds +E 
As (1 — 23) 


B= (Mg + Xy)(i ~ 2%) — Wy Me : 


Q 
f" 


Mgly — Ma, + Mal (Mg)(1 — 25) + 2y + Mal 
— XZ + Wola, + MAC ~ 25)] + ey sin @, 


NOTE: Terms including X%3, 24, Mi, Xw are neglected in polynomial expressions. 
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[+4] 


Se en ee re ne re eee 8: te metal idl s 


a SR ANTS LEIS POPOL TNL GOOLE ONY Aadays mrenensnte enmarcneoqeontne er negncaman ay ere 


) 


i] 
tt 


-X#(MZ,, - My) - MEX + MyX2* + e[M.Z* +MR(1 - z.J) COS 8, + Wo(MZ* - MEZ.,) —— 


+ g(M, -MoX*)sin 9 


td 
" 


* ~ M*Z, ‘ - 
g(M 2% set ry) COS OG + e( MAX, MX*)sin 5 


2) Numerators 


8 2 
Ns = Ags + Bogs + Cy 


1 
4 
' 


Ag = 25M, + Me(1 = 2.) 


Bg = Xp [M,2*+ HEC - Z.)] + 2,(M, - M.X*) -M[Z,+ x*(1 - 2.)] 


Co = Mol 2y Mika) + ZC, AE) * MCE =A 


[perp eerie en wn mee wane 6 ot pe ne 


Ay = X(1 - Z,) 
w= “Xp [Mgt - 2) + 2, + Mal + 25x, - WolZeM, + MQ - 2,)) 
X5(MqZy- My) - 26 (8M, oS 004 MX) + My [Xa - (g cos O5)(1 - z.)] 
+ Wo(ZMe - M25) + EXgM, sin 8, 

El2M - Myzq)eos Oy + al%eM, - MeX,)sin % 


bd 
tt 


Q 
& 
" 


wwe 
hears 
’ 


an) 


. oA 
LRU SN ION Ete ae 


Ays> + Bs” + Cys + Dy, 


By = ~Zq(My + 2G) + Vols + XsZh 
Cy, = XE(Z—M, ~ UoMy) + Wo(Z—ME - MeZt) - aM sin 65+ Ke(MiUy - ZiMy) 


Dy = g(ZgMt - MgZ#)cos 65 + gMX* sin O,- XpMig sin eo 


H-747 C-2 


Ags? + Br s@ + Cys + Da 
sin 6,A, 


B, = ~ cos OR, + eja OB, + (U, cos 99 + Wy sin O5)Ag 


= = COS GA. + 


cos 6,0, + sin o.C,, + (Uy cos 5 + Wo sin 9, )By 


ay 


cos 6D, + 


sin 9D. + (U, cos 09 + Wy sin 6,)Cg 


2 ' ’ 
+ Das + Eq 


Agts! + Bats? + Cais 
=A, - 1,9 

= B, - 1,39 - UdAg 

= C= 1.0) - UpRy + g sin Ookg 
Das = Dy, - Ug + g sin OB, 


Ea: = + & 812 8.Cg 


32 


To obtain az, let ly = 0. 


2. Lateral 


a. Equations 


Wok +g COS Ao Ups—g sin 8&5 ose 
s- | aa Va, —Vage B YE, Ye, 
e ’ ' e 
~lg s(s—L,) “ly . = [16, le; 


fue 
Ly 


Meat a oe gy 
eee 


. 
+ 


tee Bree bere .- 


4 


« 
Loy 


seeaine wntedee bawbte bien anes .0tte Maboall 
m 
fl 


‘ 


Ay 


eT 


ROT 


bd. Transfer Functions 


Fi 
1) Denaninator, Dias 2 88’ t+ DS tes + ds +e 
a= 1 
b = -(Yy + Ly + Np) 
U Wi 
° t 2) _ wit? 2. 0: 


U : ; 
Ti (NELS — LENS) + Yy(NBLE — LYNE) - we (18 cos 0, + NS sin @,) 


Wo t,t t,t 
+ Vr, (IgN, — Nal) 


e = gh ((1Mr - NATE) cos &, ~ (NpIS — IpiB) sin 0] 
(°] 


2) & (8, or 5,) Numerators 


Ne 


= Ags” + Bgs” + Cgs + Dy 


a = ¥ 


vu, W 
r,t ry t ° ° 
Be = —tellp + Mr] - "5 yp * yp. 16 


* tay? t : ¢ t Uo 
Cy = YS (IGNE — Nplz) + 16 ye cos 8 + (NELp — 18Mp) yy 
W t,t tit J 
+ ye (gly — IpMir) + 85 yar sin 
° ° 


we (HELE — Tez) cos bo + e (REIg — N§LB). cin @, 


Benen Goa pe 


YEle — 14(Nr + Yy) + NELy 


t Us 


GCG — GND) + geal — mba + CNB — ED ge 


= Vn (gNp - Nglg) sin 05 


34 Bis? + Cys + Dp 


Ays 
Yene + LgNy ~— Ng(Yy + Lp) 


W 
eee ee Oper: : 
Ye(Larp a Nglp) = LgYyp + NEYylp + Vp (Ling Se Nglg ) 
fe] 


Wt (1gtlg — Nglg) cos 8% 


RE = Ags’ + Bys +C 


Vas + Vhs ~ Yehy + Brant ~ 122) 
Vt,Cp + UBr — WoBp — g cos BoAp + 1x) Cr ~ 12Cp 


Ve Pp + Yor ~ ofp ~ g cos GoBy + 1x), yDy — 12Dp 


4 
é 
Pe 
¢ 
~ 8 
A 
a 
asf 
« 
4 
a: 
sie 
+ 
3 
i. 


UD, - Wy —-zccs 8ACy 


To obtain ay, let *x1at =1,=0. 


